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Compare  Uni-Vent     to  any  other  portable 
ventilator  and  you  will  quickly  see  why 
^l^M^^  the  Model  750  is  in  a  class  by  itself.* 


■ALARM  STATUS 


/  PEEP  NOT  SET 


r  ^"v  .;;:;;^°--A. 


Control,  Assist-Control  and  SIMV  operating  modes, 
1  optional  electronic  demand  valve  -  all  PEEP  compensable! 

•  Comprehensive  alarm  system  and  automatic  continuous  sy 
self-checks  for  maximum  safety! 

•  Easy-to-operate,  logical  control  groupings,  simplify  personnel  training! 

•  operates  from  internal  battery  or  external  power  -  consumes  no  gas! 

•  High-reliability,  electronic  circuitry  is  unaffected  by  changes  in  altRude 

'„  (  Circle  115  on  reader  service  card  . 

For  more  information  on  the  Uni-Vent^"^  Model  750,  or  the  name  of  your  local  Representative,  call  Impact  today! 
IMPACT  Instrumentation,  Inc.,  27  Fairfield  Place,  P.O.  Box  508,  West  Caldwell,  NJ  07006  1-800/969-0750 


Nitric  Oxide  Analyzer 
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MeW' 


<  5  ppb  gas  MDL 
fast  response  time 
ppm/ppb  display 
RS232  output 
on-board  data  storage 


The  fast  response  time  (200  msec)  of  the  Sievers  new  Model 
280  NOA'"  permits  breath-by-breath  analysis  of  exhaled  NO  or 
measurement  of  NO  and  NO^  during  inhalation  therapy  directly 
at  the  patient's  mask  With  our  unique  purge  system,  NO  and  its 
reaction  products  can  be  measured  in  virtually  any  biological 
fluid,  cell  media  or  other  liquid  sample. 

Caution  -  Investigational  Device  limited  by  Federal  law  to  investigational  use  May  only  be 
distributed  to  IND  holders  for  inhalation  therapy 

Sievers  Instruments.  Inc 

6185  Arapahoe  Ave  .  Boulder.  CO  80303.  USA 

phone  (303)  444-2009     fax  (303)  444-9543 
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RC  Protocol 
Clearinghouse 


The  AARC  now  has  a  Respinatory  Care  Protocol  Clear- 
inghouse. RCPs  interested  in  developing  therapist-driven 
protocols  (TDPs)  for  their  departments  can  turn  to  the 
mformotion  available  through  the  clearinghouse  to  get  a 
head  start  on  the  process. 

The  clearinghouse  mokes  available  more  than  100  TDPs 
submitted  to  the  AARC  by  members  from  across  the 
nation  who  have  alreody  instituted  these  protocols  in 
their  hospitals. 

The  protocols  have  been  divided  into  seven  packets,  most 
of  which  contain  ten  or  more  sample  protocols.  Packets 
ore  available  from  the  AARC  at  ^5  each  and  currently 
cover  the  following  subjects: 

•■     Patient  assessment 
•"     Oxygen  therapy 
•■     Aerosol  therapy 
•"     Volume  expansion 
•"     Critical  care 
•"     Noninvasive  monitoring 
•■     Secretion  management 
•  •  • 
American  Association  for  Respiratory  Care 
11030  Abies  Ln.,  Dallas  TX  75229-4593 
Call  (214)  243-2272  or  fox  to  (214)  484-2720 
(MasterCard,  Visa  or  Purchase  Order  accepted) 


ARMY 

RESPIRATORY 

THERAPY 

SPECIALIST: 

EXPERIENCE 

PLUS  BENEFITS 

Bring  your  skills  as  a  certi- 
fied Respiratory  Therapist  to  an 
organization  that  respects  and 
values  your  training:  Today  s 
Army.  Work  with  expert  medical 
staffs  using  the  latest  equipment. 

Plus  your  skills  earn  you 
great  benefits  you  won't  find  in 
many  other  places.  Enlist  for 
4  years  and  receive  an  $8,000 
bonus  plus  qualify  for  college 
loan  repayment  of  up  to  $55,000. 
Enlist  for  3  years  or  4  years  and 
be  eligible  for  the  Army  College 
Fund  of  up  to  $30,000. 

Call  or  visit  your  local  Army 
Nurse  Recruiter  for  more 
information  on  how  to  become 
an  Army  Respiratory  Therapy 
Specialist. 

1-800-USA-ARMY 
Extension  487 


ARMY. 

ALL  YOU  CAN  iZ 
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Paul  Williamson,  RRT 
'American  Transitional  Hospital/Middle  Tennessee,  Nashville 

Winner  of  the  1996  Passy-Muir 
*      "Positive  Outcomes  with  Positive  Closure"  Contest  ♦  ■ 


Patient  History: 


PASSY-MUIR  VALVE  USER  ROBERT  BOWERMASTER 
WITH  PAUL  WILLIAMSON,  RRT 


Robert  Bovvermaster  sustained  a  C-4  spinal  cord  injury  from  an  accidental  gunshot  wound  to  his  neck.  At  two  months  post 
injury  Robert  was  discharged  home.  Our  Nurse  Liaison  and  RT  visited  Robert  and  his  wile  and  assessed  Robert  as  a  candidate 
for  successful  weaning  from  ventilatory  support.  The  RT  and  SLR  having  just  returned  trom  a  Passy-Muir  Inc.  conference, 
eagerly  awaited  our  patient  with  the  Passy-Muir  Speaking  Valve  (PMSV)  in  hand.  Robert  had  sufficient  volumes  and  muscle 
strength  to  begin  weaning  immediately.  The  first  time  the  PMSV  was  placed  on  Robert  prined  to  be  a  momentous  occasion: 
Robert's  first  words  were  "I  love  you"  to  his  wife  Debra.   Robert  continues  to  wear  the  PMSV  all  day  now. 

Paul  Williamson,  RRT  comments:  "Faced  with  much  in  the  hospital  which  1  term  "empirical  negativity"  we  gave  ample 
doses  of  encouragement  and  positive  reinforcement.  The  PMSV  helped  immensely  in  this  positive  reinforcement.  The 
P.MSV  has  also  greatly  aided  Robert's  transition  to  unaided  spontaneous  breathing.  We  found  the  PMS\  fit  in  well  with 
our  approach  to  patient  care;  team  approach  and  high  tech/high  touch." 

For  sharing  his  inspiring  "Positive  Outcome"  story  with  us.  Paul  wins  a  $250  scholarship  to 
the  CEU  prograni  of  his  choice  and  Passy-Muir  Speaking  Valves  for  his  facility. 

For  a  free  clinical  \ideotape  and  brochure,  please  contact: 

.,mpuslJnvc.Smic:-.>.  IrMnc.  California  92715  (800)634-5397  (714)833-8255  F.^X  (714)  833-8299 
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Here'Ss  one  youWe 
really  got  to  see! 

The  New  JCAHO  Hospital  Standards: 
Their  Effect  on  Respiratory  Care 

A  Videotape  from  the  Professor's  Rounds 
in  Respiratory  Care  Videoconference  Series 

Featuring  Nancy  Telford,  BS,  RRT,  Program  Manager,  Joint 
Commission  on  Accreditation  of  [Healtncare  Organizations,  with 
Moderator  Sam  P,  Giordano,  MBA,  RRT,  AARC  Executive  Director 

The  new  /  995  Accredilalion  Manual  lar  Hoipilak  is  now  orgonized  around  functions  ihot 

impod  polient  outtomes,  and  itie  slondords  ore  now  integroted  into  fundionol  tliopters  rothet 

thon  0  single  ctioplet.  Through  this  overview,  you  will  leoin  about  standords  reloted  to 

competence  programs,  responsibilities  of  department  lenders  and  medical  directors,  and  expectations  on  performance  improvement. 

This  video  olso  reviews  the  interactive  survey  process  and  the  role  of  department  staff.  90  minutes.  Item  VC51  —  $275  (S305  nonmembers) 


Pleose  send  me  "The  New  JCAHO  Hospilol  Standards:  Their  Effect  on  Respirotory  (are "  Item  VC5I  —  S275  (S305  nonmembers) 


Payment  enclosed  $_ 


Charge  to  Purchose  Order  #_ 


Charge  to  my     !Visa  :    MasterCard  Card  expires / Catd# 

AARC  Member  Number Name/lnstitution_ 

Address        


Please  Hole:  Videotapes  do  not  qualify  viewer  lor  CRU  credit. 
Signature 


City/State/Zip_ 


Moil  to:  AARC,  1 1030  Abies  In.,  Dollos,  TX  75229-4593  •  (214)  243-2272  •  FAX  (214)  484-2720 


AARC  Clinical  Practice  Guidelines 


CPG  1  —  Spirometry  ■  $1 

CPG  Z  —  Oxygen  Ttierapy  in  Acute  Care  Hospital    SI 

CPG  3  —  Nasotractieal  Suctioning  •  $1 

CPG  4  —  Patient-Ventilator  System  Ctnecks    Jl 

CPG  5  —  Directed  Cougti  ■  $1 

CPG  B  —  In-Vitro  pH  and  Blood  Gas  Analysis  and  Hemoximetry    $1 

CPG  7  —  Use  of  Positive  Airway  Pressure  Adjuncts  to  Bronctiial 

Hygiene  Therapy  ■  $1 
CPG  B  —  Sampling  for  Arterial  Blood  Gas  Analysis  ■  $1 
CPG  9  —  Endotractieal  Suctioning  of  Ivtectianically  Ventilated 

Adults  and  Cfiildren  witti  Artificial  Airways    $1 
CPGIO  —  Incentive  Spirometry     $1 
CPGll  —  Postural  Drainage  Ttierapy    $1 
CPG12  —  Bronctiial  Provocation     $1 
CPG  13  —  Selection  of  Aerosol  Delivery  Device  ■  $1 
CPG14  —  Pulse  Oximetry  •  $1 

CPG15  —  Single-Breatti  Carbon  Ivtonoxide  Diffusing  Capacity  ■  $1 
CPGIG  —  Oxygen  Ttierapy  in  ttie  Home  or  Extended  Care  Facility  ■  $1 
CPG17  —  Exercise  Testing  for  Evaluation  of  Hypoxemia 
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CPG24  —  Application  of  CPAP  to  Neonates  Via  Nasal  Prongs  or 

Nasoptiaryngeal  Tube  ■  $1 
CPG25  —  Delivery  of  Aerosols  to  ttie  Upper  Airway    $1 
CPG2G  —  Neonatal  Time-Triggered,  Pressure-Limited,  Time-Cycled 

Meclianical  Ventilation  ■  $1 


CPG27  —  Static  Lung  Volumes    $1 

CPG28  —  Surfactant  Replacement  Ttierapy    SI 
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CPG30  —  Ivletabolic  Measurement  using  Indirect  Calorimetry 

during  Ivlectianical  Ventilation    SI 
CPG31  —  Transcutaneous  Blood  Gas  tvlonitoring  for 

Neonatal  &  Pediatnc  Patients    $1 
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CPG33  —  Capillary  Blood  Gas  Sampling  for  Neonatal  &  Pediatric  Patients  ■  $1 
CPG34  ~  Defibrillation  during  Resuscitation    SI 
CPG35  —  Infanty'Toddler  Pulmonary  Function  Tests  ■  SI 
CPG38  —  fvlanagement  of  Airway  Emergencies  •  S1 

CPG37  —  Assessing  Response  to  Bronctiodilator  Ttierapy  at  Point  of  Care  ■  SI 
CPG3B  —  Disctiarge  Planning  lor  tlie  Respiratory  Care  Patient     SI 
CPG39  —  Long-Term  Invasive  Mectianical  Ventilation  in  tfie  Home    SI 
CPG40  —  Capnograptiy/Capnometry  during  Ivlectianical  Ventilation  •  $1 
CPG41  —  Selection  of  an  Aerosol  Delivery  Device  for  Neonatal 

and  Pediatric  Patients  ■  $1 
CPE42  —  Polysomnograptiy  ■  SI 

CPG99  -  Complete  Set  in  Binder    S35 

(-(-$4.50  lor  Shipping  and  Hdndlirig) 
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This  summer,  the  AARC  takes  its 
Summer  Forum  back  to 


The  beauty  of  the  seashore  provides  a 

great  backdrop  for  sessions  designed  to 

help  RCPs  face  new  challenges. 

Meet  at  The  Registry  Resort 
July  12-14,  1996 

If  you  are  seeking  ways  to  understand  the  rapid  changes 

takingplace  in  heahh  care  today,  and  if  you  want  to  learn  how 

to  adapt  to  those  changes,  then  don't  miss  this  meeting! 

Look  for  program  and  registration  information  in 

,,.  the  April  issue  of  AARC  Times. 


Suniniarie'^  of  Pertinent  Articles  in  Other  Journals 


Abstracts 


Editorials,  Commentaries,  and  Reviews  To  Note 


Cigarette  Smoking  and  Health  (Official  Statement) — JP  Hanrahan.  CB  Sheraian.  EA  Bresnitz,  KM 
Enimon;,,  DM  Manmno.  Am  J  Respir  Crit  Cure  Med  l9%;l53:86l-865. 

Standards  and  Indlcatiuns  for  Cardiopulmonary  Sleep  Studies  in  Children  (Official  Statement) — 
CM  Loughlin,  RT  Brouillette.  U  Brooke.  JL  Carroll.  BE  Chipps.  SJ  England,  et  al.  Am  J  Respir 
Crit  Care  Med  1996;153:866-878. 


Reference  Values  for  Pulmonarj  Function 
Tests  of  Japanese- American  Men  Aged  71  to 

90  Years— DS  Sharp.  PL  Enright.  D  Chiu.  CM 
Burchfiel.  BL  Rodriguez.  JD  Curb.  Am  J  Respir 
Crit  Care  Med  I996;153(2):805. 

Pulmonary  function  was  assessed  by  spirometry 
in  .^.076  elderly  Japanese- American  men  of  the 
Honolulu  Heart  Program  (HHP)  cohort.  The 
assessment  was  done  with  a  stringent  quality 
assurance  program  that  adhered  to  American  Tho- 
racic Society  (ATS)  recommendations  for  spirom- 
etry. Less  than  6%  of  the  participants  were  unable 
to  perform  3  acceptable  spirometry  maneuvers. 
A  "healthy"  subgroup  of  .528  men  between  the 
ages  of  7 1  and  90  ye;irs  was  identified  by  exclud- 
ing almost  all  smokers  and  subjects  with  lung  dis- 
ease and  other  factors  negatively  influencing 
FEV|.  Reference  equations  and  normal  ranges 
for  FEV,.  FVC.  and  the  FEV,/FVC  ratio  were 
derived  from  the  healthy  group.  Use  of  predic- 
tion equations  from  the  Cardiovascular  Health 
Smdy  (CHS)  of  elderly  European-American  men 
consistently  overpredicted  FVC  by  0.3  to  0.4  L 
and  FEV  I  by0.15L.  Men  in  the  HHP  were  on 
average  1 1  cm  shorter  than  those  in  the  CHS.  LIse 
of  a  prediction  equation  derived  from  the  HHP 
cohort  when  the  men  in  the  cohort  were  on  a\  er- 
age  22.6  years  younger  consistently  overpredicted 
FEV  I  by  0.2  to  0.3  L.  The.se  results  underscore 
the  importance  of  using  prediction  equations 
appropriate  to  the  ethnicity,  age,  and  height  char- 
acteristics of  the  subjects  being  studied. 

Randomised  Trial  of  Oral  Morphine  for 
Chronic  Non-Cancer  Pain — DE  Moulin.  A  lezzi. 
R  Amireh.  WKJ  Sharpe.  D  Boyd.  H  Merskey. 
Lancet  1996:347:143. 

BACKGROUND:  The  use  of  opioid  analgesics 
for  chronic  noncancer  pain  is  controversial.  Some 
surveys  report  good  pain  relief  and  improvement 
in  performance  while  others  suggest  a  poor  out- 


come with  a  propensity  to  psychological  depen- 
dence or  addiction.  METHODS:  We  undertook 
a  randomised  double-blind  crossover  study  to  lest 
the  hypothesis  that  oral  morphine  relieves  pain 
and  improves  the  quality  of  life  in  patients  with 
chronic  regional  pain  of  soft  tissue  or  muscu- 
loskeletal origin  who  have  not  responded  to 
codeine,  anti-intlammatory  agents,  and  antide- 
pressants. Morphine  was  administered  as  a  sus- 
tained-release preparation  in  doses  up  to  60  mg 
twice  daily  and  compared  with  benztropine  (active 
placebo)  in  doses  up  to  1  mg  twice  daily  over  3- 
week  titration.  6-week  evaluation,  and  2-week 
washout  phases.  Pain  intensity,  pain  relief,  and 
drug  liking  were  rated  weekly  and  psycholog- 
ical feahires.  functional  status,  and  cognition  were 
assessed  at  baseline  and  at  the  end  of  each  eval- 
uation phase.  FINDINGS:  After  dose  titration  in 
the  46  patients  who  completed  the  study,  the  mean 
daily  doses  of  drugs  were  morphine  83.5  mg  and 
benztropine  1.7  mg.  On  visual  analogue  scales, 
the  morphine  group  showed  a  reduction  in  pain 
intensity  relative  to  placebo  in  Period  I  (p  =  0.01 ) 
and  this  group  also  fared  better  in  a  crossover 
analysis  of  the  sum  of  pain  intensity  differences 
from  baseline  (p  =  0.02 ).  No  other  significant  dif- 
ferences were  detected.  INTERPRETATION:  In 
patients  with  treatment-resistant  chronic  regional 
pain  of  soft-tissue  or  musculoskeletal  origin,  9 
weeks  of  oral  morphine  in  doses  up  to  120  mg 
daily  may  confer  analgesic  benefit  with  a  low  risk 
of  addiction  but  is  unlikely  to  yield  psycholog- 
ical or  functional  improvement. 

The  Determinants  of  Pulmonary  Diffusing 
Capacity  in  a  National  Sample  of  U.S.  Adults — 

LM  Neas.  J  Schwartz.  Am  J  Respir  Crit  Care  Med 
1 996;  153(2 1:656. 

Racial  and  gender  differences  in  single-breath  pul- 
monary diffusing  capacity  for  carbon  monoxide 
(Dlcu'  have  previously  received  little  attention. 
Between  1971  and  1975.  the  first  National  Health 


and  Nutrition  E.xamination  Survey  determined 
Dlco  for  4.439  adults  ages  25  to  74  residing  in  the 
United  States,  including  2.345  women  and  438 
blacks.  The  large  sample  permitted  an  evaluation 
of  interactions  and  nonlinear  relationships  with 
DicO'  and  its  association  with  biomarkers  of 
inflammation.  In  a  model  with  separate  race,  sex, 
and  smoking  status  intercepts,  positive  associa- 
tions with  FVC,  height,  weight,  hemoglobin  con- 
centration, and  negative  associations  with  age  and 
neutrophil  count  explained  59%  of  the  variation 
in  Dlco-  In  women,  the  decline  in  Dlco  with  age 
was  much  less  than  in  men.  but  after  age  47  the 
decline  with  age  approached  that  seen  in  men. 
Blacks  had  lower  Dlco  levels  (-1.96  niL/min/mm 
Hg.  95%  confidence  interval  |CI)  -0.77  to  -3.14) 
with  or  without  adjustment  for  FVC.  but  the 
changes  in  Dun  with  age  and  height  were  sim- 
ilar in  both  races.  Fomier  smokers  had  lower  Dlco 
(-1.13  mI7min/mm  Hg.  95%  CI  -1.57  to  -0.69), 
but  this  reduction  was  fully  explained  by  the  num- 
ber of  pack-years  smoked.  In  current  smokers, 
cigarettes  per  day  and  pack-years  were  predictive 
of  Dlco  even  after  control  for  FVC  and  control- 
ling for  these  variables  fully  explained  the  dif- 
ference in  Dlco  between  never  and  current  smok- 
ers. Peripheral  neutrophil  count,  a  biomarker  of 
inflammation,  was  assiK'iated  with  reduced  Dlco- 
Thus,  substantial  sex  ;md  race  differences  exist  for 
Dlco  within  the  general  United  States  population. 

The  Effect  of  Inhaled  Nitric  Oxide  in  Pediatric 
Asthma— KD  Pfeffer.  G  Ellison.  D  Robertson. 
RW  Day.  Am  J  Respir  Crit  Care  Med  1996: 
15.3(2):747. 

Nitric  oxide  (NO)  appears  to  play  an  important 
role  in  regulating  several  biologic  functions  in 
the  lung,  including  modulation  of  pulmonary  arte- 
rial and  bronchial  smooth  muscle  tone.  Recent 
studies  have  shown  that  relatively  high  con- 
centrations of  inhaled  NO  reduce  the  bron- 
choconstrictor  effect  of  methacholine  in  aniiiial 
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models.  This  raises  the  possibility  that  NO  inhala- 
tion might  have  therapeutic  potential  as  an  alter- 
native hronehodilator-  Althoujih  investigation  of 
this  potential  in  adults  with  airway  reactiv  ity  or 
bronchial  asthma  has  been  reported,  data  arc  lack- 
ing on  the  role  ol  NO  in  the  pediatric  asthma  pop- 
ulation. We  therefore  performed  spirometry  on 
12  children  with  asthma  (mean  age  ll.l  years) 
at  baseline  (Bl.  immediately  after  inhaling  40  ppm 
NO  (NO-1 ),  10  minutes  after  inhaling  NO  (NO- 
10).  and  after  inhalation  of  a  standard  /3-2  ago- 
ni.st.  albuterol  (A).  Baseline  pulmonaiy  functions 
(%  predicted  ±  SEM)  were  FVC  of  10.V2  ±  .^,6. 
FEV,  of  82.2  ±  3.3.  FEF,,,,,,  of  97.0  ±  3.(i,  and 
FEF:5.75<7r  of  53.5  ±  3.3.  There  were  no  statisti- 
cally significant  differences  between  baseline  and 
NO- 1  or  NO- 1 0  between  any  of  the  4  puhiionary 
function  parameters  measured.  Inhaled  albuterol, 
however,  resulted  in  signitlcant  improvement  (Vr 
predicted  ±  SEM)  in  FVC  to  109.8  ±  3.5.  FEV, 
to  99.7  ±  2.9.  FEF„,a,  to  106.5  ±  5.1,  and 
FEF;5.75<);  to  84.4  ±  6.4  compared  with  the  base- 
line and  NO  inhalation  groups.  We  conclude  that 
NO  inhaled  at  40  ppm  has  no  apparent  bron- 
chodilatory  effect  in  pediatric  subjects  with  asthma 
and  mild  airways  disease.  The  clinical  applica- 
tion of  this  gas  as  a  therapeutic  modality  under 
these  conditions  is  questionable. 

Bedside  Prediction  of  \Iorlalitv  from  Rac- 
teremic  Sepsis:  .\  Dynamic  .Analysis  of  ICll 
Patients— D  Pitlet.  B  Thievcnt.  RP  Wen/el.  N 
Li.  R  Auckenthaler.  PM  Suter.  Am  J  Respir  Crit 
Care  Med  I996;I53(2):6S4. 

The  prognosis  in  patients  with  sepsis  depends  on 
severity  of  acute  illness,  underlying  chronic  dis- 
eases, and  complications  associated  with  infec- 
tion. Adjusting  for  these  factors  is  essential  for 
evaluation  of  new  therapies.  The  puipose  of  the 
present  study  was  to  determine  \  ariables  readily 
identifiable  at  the  bedside  that  predict  mortality 
in  intensive  care  unit  dCL')  patients  with  sepsis 
and  positive  blood  cultures.  For  a  5-year  period, 
all  patients  of  a  surgical  ICU  presenting  with  pos- 
itive blood  cultures  and  sepsis  were  systematically 
analyzed  for  clinical  variables  and  organ  dys- 
functions at  the  day  of  onset  of  sepsis  and  bac- 
teremia and  during  the  subsequent  clinical  course. 
The  prognostic  value  of  these  v;iriables  w  as  deter- 
mined using  logistic  regression  procedures.  Of  the 
5.457  admissions  to  the  ICU.  1 76  patients  devel- 
oped sepsis  with  positive  blood  cultures  (3.2  per 
100  admissions).  The  fatality  rate  was  35%  at  28 
days  after  the  onset  of  sepsis:  in-hospital  mortality 
was  43%.  Independent  predictors  of  mortality  at 
onset  of  sepsis  were  previous  antibiotic  therapy 
(odds  ratio  |OR].  2.40;  95*^^  confidence  interval 
|CIc,5l,  1 .59  to  3.62:  p  =  0.034),  hypothennia  (OR. 
1 .43:  CIc,5.  1 .04  to  2.44:  p  =  0.030),  requirement 
for  mechanical  ventilation  (OR,  2.97:  Clys,  1 .96 
to 4.5 1 :  p  =  0.rX)9).  and  onset-of-sepsis  APACHE 
II  score  (OR,  1 .2 1 :  CIoj,  1 . 1 3  to  1 .29:  p  <  0.00 1 ). 
Vital  organ  dysfunctions  developing  after  the  onset 


of  sepsis  influenced  outcome  markedly.  Tlie  best 
2  independent  prognostic  factors  were  the 
APACHE  II  score  at  the  onset  of  sepsis  (OR,  1.13 
per  unit:  CI^s,  1 .08  to  1 . 1 7:  p  =  0.0016)  and  the 
number  of  organ  dysfunctions  developing  there- 
after (OR,  2.39:  CK,s,  2.02  to  2.82:  p  <  0.00 1 ).  In 
ICU  patients  with  sepsis  and  positive  blood  cul- 
tures, outcome  can  be  predicted  by  the  severity 
of  illness  at  onset  of  sepsis  and  the  number  of  vital 
organ  dysfunctions  developing  subsequently. 
These  variables  are  easily  assessed  at  the  bedside 
and  should  be  included  in  the  evaluation  of  new 
therapeutic  strategies. 

Kffect  of  Fluticasiine  Propionate  on  Spiilum 
of  Patients  with  Chronic  Bronchitis  and 
F.mphysema — CG  Llewellyn-Jones,  TAJ.  Har- 
ris, RA  Stockley.  Am  J  Respir  Crit  Care  Med 
I996:153(2):616. 

The  elfects  of  fluticasone  propionate  (FP)  on  spu- 
tum chemotactic  activity,  elastase  inhihitoiy  poten- 
tial, albumin  concentrations,  and  peripheral  neu- 
trophil function  were  studied  in  a  group  of  patients 
with  clinically  stable,  smoking-related  chronic 
bronchitis  and  emphysema.  Seventeen  patients 
(50  to  75  years  of  age)  were  entered  into  a  dou- 
ble-blind, placebo-controlled  study  of  1.5  mg 
inhaled  FP/day  for  8  weeks.  Following  treatment 
with  FP  the  cheiriotactic  activity  of  the  sputum 
sol  phase  was  lower  than  the  corresponding  val- 
ues for  the  placebo  group  (p  <  0.01 ).  Values  fell 
from  a  mean  of  21.75  (+  1.58)  during  the  run-in 
period  to  1 8.37  (±  1 .46:  p  <  0.01 )  after  4  weeks 
and  1 7.63  (±  1 .86:  p  <  0.05 )  after  8  weeks  treat- 
ment returning  to  22.08  (±  1 .26)  cell/field  after 
the  washout  period.  The  neutrophil  elastase 
inhibitory  capacity  of  the  sputum  sol  phase 
increased  (p  <  0.025)  with  treatment  from  a  mean 
of  0.177  /jM  elastase  inhibited/L  (±  0.05)  pre- 
treatment  to  0.413  ^tM  (±  0.054)  after  4  weeks 
and  0.41 5  ^M  (±0,054)  after  8  weeks  returning 
to  0.270  ^M  (±  0.07)  afler  the  washout  period. 
Treatment  with  FP  did  not  result  in  a  change  in 
the  peripheral  neutrophil  functions  studied  or  spu- 
tum albumin  and  myeloperoxidase  concentrations. 
The  results  suggest  that  FP  may  play  a  protective 
role  in  these  patients  through  a  reduction  in  the 
chemotactic  activ  ity  of  lung  secretions  and  poten- 
tially a  reduction  in  the  recruitment  of  neutrophils 
to  the  lung,  and  also  by  directly  affecting  the  pro- 
teinase/antiproteinase  balance,  in  favor  of  antipro- 
teinases.  within  lung  secretions. 

Initial  Experience  with  Partial  Liquid  \  enti- 
lation  in  Pediatric  Patients  with  the  .Acute  Res- 
piratory Distress  Syndrome — PC  Ganger.  T 
Pranikoff.  RJ  Schrcnicr.  I-W  Moler.  RB  Hirschl. 
Crit  Care  Med  I99(i;24(  1 ):  16. 

OBJECTIVE:  Liquid  ventilation  with  perfluoro- 
carbon  previously  has  not  been  reported  in  pedi- 
atric patients  with  respiratory  failure  beyond  the 
neonatal  period.  We  evaluated  the  technique  of 


p;u1ial  liquid  ventilation  in  6  pediatric  patients  with 
the  acute  respiratory  distress  syndrome  of  suffi- 
cient severity  to  require  extracorporeal  life  sup- 
port (ECLS).  DESIGN:  This  study  was  a  non- 
controlled,  phase  l/ll  experimental  study  with  a 
single  group  pretest/posttest  design.  SETTING: 
All  studies  were  pert'ornied  at  a  tertiary,  pediatric 
referral  hospital  at  the  University  of  Michigan 
Medical  School.  PATIENTS:  Six  pediatric 
patients,  from  8  weeks  to  5  and  one-half  years  of 
age,  with  severe  respiratoiy  failure  requiring  ECLS 
to  support  gas  exchange.  INTERVENTIONS: 
After  2  to  9  days  on  ECLS,  perfluorocarbon  was 
administered  into  the  trachea  until  the  dependent 
/.one  of  each  lung  was  filled.  The  initial  dose 
administered  was  12.9  ±  2.3  niL/kg  (range  5  to 
20).  Gas  ventilation  of  the  perfluorocarbon-filled 
lungs  (partial  liquid  ventilation)  was  then  per- 
formed. The  perfltiorocarbon  dose  was  repeated 
daily  for  a  total  of  3  to  7  days,  with  a  cumulative 
dose  of  45.2  ±  6. 1  ml  Ag  (range  30  to  72.5).  MEA- 
SUREMENTS &  MAIN  RESULTS:  All  mea- 
surements of  native  gas  exchange  were  made  dur- 
ing brief  periods  of  discontinuation  of  ECLS  and 
include  P..^,  and  the  alveolar-arterial  oxygen  gra- 
dient. P(,i,-aio;-  Static  pulmonale  compliance,  cor- 
rected for  weight,  was  also  measured  directly.  The 
mean  PaO;  increased  from  39  ±  6  to  92  ±  29  torr 
(5.2  ±0.8  to  12.2  ±  3.9  kPa)  over  the  96  hours  after 
the  initial  dose  (p  =  0.02 1  by  repeated-measures 
analysis  of  variance).  The  average  P(,j\-a)0: 
decreased  from  635  ±  10  to  499  ±  77  torr  (84.7 
±  1.3to66.5±  10.3  kPa)  over  the  same  time  pericxl 
(p  =  0.059).  while  the  mean  static  pulmonale  com- 
pliance (noniialized  for  patient  weight)  increased 
from  0. 1 2  ±  0.02  to  0.28  ±  0.08  mL/cm  HjO/kg 
(p  =  0.01).  All  six  patients  survived.  Complica- 
tions potentially  associated  with  partial  liquid  ven- 
tilation were  limited  to  pneumothoraces  in  two 
of  six  patients.  CONCLUSIONS:  Perfluorocar- 
bon inay  be  safely  administered  into  the  lungs  of 
pediatric  patients  with  severe  respiratory  failure 
on  ECLS  and  may  be  associated  with  improve- 
ment in  gas  exchange  and  pulinoniu^'  compliance. 
See  the  reUilecI  ediuiriul:  Liquid  Kiealhing: 
Stretching  the  Technological  Envelope  -J H 
Arnold.  Crit  Care  Med  lW6:24l  1 1:4-?. 

Inspiratory  Muscle  Strength  and  Endurance 
in  Steroid-Dependent  Asthma — T  Peiez,  L  Bee- 
quart.  B  Stacli.  B  Wallacrt.  A  Tonnel.  Am  J  Respir 
Crit  Care  Med  1996:I53(2):610. 

The  adverse  effect  of  long-temi  steroid  Ireatrnent 
on  respiratory  muscle  function  remains  contro- 
versial. We  evaluated  inspiratory  muscle  strength 
and  endurance  in  steroid-dependent  asthmatics 
in  comparison  with  other  asthmatics  or  with 
patients  with  chronic  obstructive  pulmonary  dis- 
ease exhibiting  a  comparable  level  of  lung  hyper- 
inflation. Inspiratoi7  muscle  function  was  assessed 
by  maximal  inspiratory  pressure  (PImax)  and  by 
an  incremental  inspiratory  threshold  loading  test 
in  19  patients  who  had  had  steroid-dependent 
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asthma  (SDA )  requiring  a  mean  daily  dose  of  20.7 
±  O.X  ing  prednisone  for  5  ±  L4  years.  They  were 
compared  widi  16  healthy  control  siihjects.  .W 
patients  with  COPD.  and  Id  patients  with  non- 
steroid-dcpendent  asthina  (NSDAl.  Firm  as  per- 
centage of  predicted  values  C/tPImj,,)  was  not  sig- 
nificantly different  in  patients  with  SDA  (77  ±  5%) 
or  NSDA  (83  ±  6%)  than  in  control  subjects  (93 
±4%).  In  contrast.  %PIni;ix  was  lower  in  patients 
with  COPD  (59  ±  4.4'«  )  than  in  those  with  SDA 
or  NSDA  (p  <  C.G.^)  or  the  control  subjects  (p  < 
0.0001).  A  significant  correlation  was  found 
between  ^PlnLiv  and  hyperinllation  assessed  by 
the  FRCATLC  ratio  (r  =  0.42;  p  <  O.OOO  1 ).  Inspi- 
ratory endurance,  defined  as  the  ratio  of  maximal 
peak  inspiratory  pressure  sustained  for  2  minutes 
to  individual  Pl^ax  (PLim-:/PImiK)-  was  significantly 
lower  in  the  SDA  (43  +  39^;  p  <  ().()(H)1).  NSDA 
(65  ±  4%:  p  =  0.01 ).  and  COPD  (55  ±  3'7r:  p  < 
0.0001)  groups  than  in  the  control  group  (76  ± 
2%).  P|jm  2/Plnu\  was  also  lower  in  patients  with 
SDA  than  in  those  with  COPD  (p  =  ().()(I73)  or 
NSDA  (p  <  ().(KK)1 ).  Hyperinllation  plays  a  major 
role  in  inspiratory  muscle  dysfunction  associated 
with  obstructive  lung  disorders,  but  the  finding 
of  a  significantly  decrea.sed  endurance  in  patients 
with  SDA  when  compared  with  patients  with 
COPD.  despite  a  lower  level  of  hyperinflation  in 
the  Conner  group,  points  to  a  deleterious  effect  of 
long-tenn  corticosteroid  treatment  on  inspirator,' 
muscle  function  in  asthmatics. 

Uetectliin  uf  Excessive  Bronchoconslriction  in 
Asthma — WJ  Gibbons.  A  Sharma.  D  Lougheed. 
PT  Macklem.  Am  J  Respir  Crit  Care  Med  1996; 
153(2):582. 

Airway  hyperresponsiveness  is  easily  assessed 
by  measuring  the  concentration  or  dose  of  an 
inhaled  agonist  that  produces  a  defined  response, 
eg.  PCifl  or  PDjd.  However,  this  measure  does  not 
assess  excessive  bronchoconstriction.  We  report 
the  results  of  analyzing  bronchial  dose-respon,se 
curves  by  measuring  percent  fall  in  vital  capac- 
ity ( AR'C'J'r )  as  the  response  rather  than  the  PCiq. 
In  our  analysis,  AFVC%  was  measured  at  the 
PC20.  and  therefore  it  was  the  tlfpcmieiu  variable, 
whereas  the  concentration  of  agonist  was  the  /»«/<'- 
peiuk'M  variable,  in  contrast  to  tlie  usual  broncho- 
provwation  tests  in  which  the  a'sponse  is  the  inde- 
pendent variable  and  the  dose  is  the  dependent 
variable.  We  reasoned  that  a  dose-dependent 
increase  in  gas  trapping  with  histamine  would 
detect  excessive  bronchoconstriction  as  a  decrea.se 
in  FVC;  in  contrast.  PCjo  measures  only  the  ease 
of  bronchoconslriction.  In  10  patients  with  mild 
asthma  the  reprtxlucibility  of  AFVC*  when  FEV| 
fell  by  20%.  ic,  at  the  PC211  concentration  of  his- 
tamine, taken  from  a  greater  than  6-second  FVC 
on  an  otherwise  standard  histamine  challenge  test 
was  comparable  to  that  of  Pr:(i.  In  10  healthy 
asymptomatic  subjects  there  were  only  trivial  falls 
(0.3%)  in  FVC  to  as  much  as  16  mg/mL  his- 
tamine. In  a  retrospective  study  of  146  patients 


with  mild  asthma,  the  AFVCVr  was  normally  dis- 
tributed ( 1 3.2  ±  5.5  SD9; )  and  did  not  correlate 
with  the  number  of  /J-2-agonist  prescriptions  or 
the  PC:(i,  but  it  did  correlate  with  the  number  of 
prescriptions  written  per  month  lor  oral  prednisone 
(r  =  0.55.  p  <  0.02).  We  conclude  that  AFVC^J 
when  FEVi  falls  by  20%  is  a  safe  method  of 
detecting  excessive  bronchoconstriction.  and  it 
reveals  that  different  asthmatics  react  in  funda- 
mentally different  v^ays  to  the  same  agonist.  This 
may  be  useful  in  delecting  the  asthmatic  at  risk 
for  serious  disease. 

Ragweed  Immunotherapy  in  .Adult  Asthma — 

PS  Creticos.  CU  Reed.  PS  Norman.  J  Khoury.  NF 
Adkinson  Jr.  CR  Buncher.  WW  Busse.  RK  Bush. 
J  Gadde.  JT  Li.  HB  Richerson.  RR  Rosenthal,  WR 
Solomon.  P  Steinberg.  JW  Yunginger.  N  Engl  .1 
Med  1996;334(8):.501. 

BACKGROUND:  Although  allergen  immunother- 
apy is  effective  lor  allergic  rhinitis,  its  role  111  treat- 
ing asthma  is  unclear.  METHODS:  We  examined 
the  efficacy  of  immtinolherapy  for  asthma  exac- 
erbated by  sea.sonal  ragweed  exposure.  During  an 
observation  phase,  adults  with  asthma  who  were 
sensitive  to  ragweed  kept  daily  diaries  and  recorded 
peak  expiratory  flowrates  between  July  and  Octo- 
ber. Those  who  reported  seasonal  asthma  symp- 
toms ;ind  medication  use  as  well  as  decreased  peak 
expiratory  flow  were  r;indomly  assigned  to  receive 
placebo  or  ragweed-extract  immunotherapy  in 
doses  that  increased  weekly  for  an  additional  2 
years.  RESULTS;  During  the  observation  phase, 
the  mean  (±SE)  peak  expiratory  flowrate  mcasun;d 
in  the  morning  during  the  3  weeks  representing 
the  height  of  the  pollination  season  was  454  ±  20 
L/min  in  the  immunotherapy  group  and  4-44  ±  1 6 
IVniin  in  the  placebo  group.  Of  the  77  patients  who 
began  the  treatment  phase.  64  completed  1  year 
of  the  study  treatment  and  53  completed  2  ye:irs. 
During  the  2  U-eatment  years,  the  mean  peak  expi- 
ratory fiowrate  was  higher  in  the  immunotherapy 
group  (489  ±  16  L/min.  vs  453  ±  17  in  the  placebo 
group  (p  =  0.06)  during  the  first  year,  and  480  ± 
12  L/min,  vs461  ±  13  in  the  placebo  group  [p  = 
0.031  during  the  second).  Medication  use  was 
higher  in  the  immunotherapy  group  than  in  the 
placebo  group  during  obseiAation  and  lower  dur- 
ing the  first  treatment  year  (p  =  0.01 )  but  did  not 
differ  in  the  2  groups  during  the  second  year  (p 
=  0.7).  Asthma  symptom  scores  were  similar  in 
the  2  groups  (p  =  0.08  in  ye;ir  I  and  p  =  0.3  in  year 
2).  The  immunotherapy  group  had  reduced  hay- 
fever  symptoms,  skin-test  sensitivity  to  ragweed, 
and  sensitivity  to  bronchial  challenges  and  in- 
creased IgG  antibodies  to  ragweed  as  compared 
with  the  placebo  group;  there  was  no  longer  a  sea- 
sonal increase  in  IgE  antibodies  to  ragweed  aller- 
gen in  the  immunotherap)  group  after  2  years  of 
treatment.  Reduced  medication  costs  were  coun- 
terbalanced by  the  costs  of  immunotherapy.  CON- 
CLUSIONS; Although  imniunotlierapy  for  adults 
with  asthma  exacerbated  by  seasonal  ragweed 


exposure  had  positive  effects  on  objective  mea- 
sures of  asthma  and  allergy,  the  clinical  effects 
were  limited  and  many  were  not  sustained  lor  2 
years.  Sec  the  rcliiWil  eililoriul:  Is  Immunother- 
apy for  Asthma  Worthwhile? — PJ  Banic.s.  N  Engl 
J  Mfil  IW6:  .'V^(,S)..s.J/-.sV2. 

Worsening  of  Pulmonary  (Jas  Exchange  with 
Nitric  Oxide  Inhalation  in  Chronic  Ohstruc- 
ti\e  Pulmonary  Disease — JA  B;irbeia.  N  Roger. 
J  Roca.  I  Ron  ira.  TW  Higenbottam.  R  RixJriguez- 
Roisin.  Lancet  1996:347:436. 

BACKGROUND:  Inhalation  of  nitric  oxide  (NO) 
causes  selective  pulmonary  vasodilation  and 
improves  arterial  oxygenation  in  acute  respiratory 
distress  syndrome.  But  some  patients  do  not 
respond  or  gas  exchange  worsens  when  inhaling 
NO.  We  hypothesised  that  this  detrimental  effect 
might  be  related  to  the  reversion  of  hypoxic  vaso- 
constriction in  Ihose  patients  where  this  mecha- 
nism contributes  to  ventilation-perfusion  ( V,\/Q) 
matching.  METHODS:  We  studied  13  patients 
with  ad\  anced  chronic  obstructi\'e  pulmonary  dis- 
ease (COPD).  We  compared  their  responses  to 
breathing  room  air.  NO  at  40  parts  per  million  in 
air,  and  100%  O2.  Changes  in  pulmonary  haenio- 
dynamics,  blood  gases,  and  Va/Q  distributions 
were  assessed.  FINDINGS;  NO  inhalation  de- 
creased the  mean  (SE)  pulmonary  artery  pressure 
from  25.9  |2.0)  to  2 1 .5  (1 .7)  mm  Hg  (p  =  0.001) 
and  PjO;  from  56  (2)  to  53  (2)  mm  Hg  (p  =  0.014). 
The  decrease  in  P,,o,  resulted  from  worsening  of 
y,\/Q  distributions,  as  shown  by  a  greater  dis- 
persion of  the  blood-llow  disuibution  (logSD  Q) 
trom  1.11(0.1)10  1.22  (().I)(p  =  0.018).O2  breath- 
ing reduced  the  mean  pulmonary  arterial  pressure 
to  23.4  (2. 1 )  mm  Hg  and  caused  greater  y.\/0  mis- 
match llogSD  Q.  1 .49  |0. 1  ]  I.  The  intfapulmonary 
shunt  on  room  air  was  small  |2.7  |0.9|9{ )  and  did 
not  change  when  breathing  NO  or  O2.  INTER- 
PRETATION: We  conclude  that  in  patients  with 
COPD.  in  whom  hypoxaemia  is  caused  essentially 
by  Va/Q  imbalance  rather  than  by  shunt,  inhaled 
NO  can  worsen  gas  exchange  because  of  impaired 
hypoxic  regulation  of  the  matching  between  ven- 
tilation and  perfusion. 

Outbreak  of  Legionnaires"  Disease  among 
Cruise  Ship  Passengers  Exposed  to  a  Con- 
taminated W  hirlp(M>l  Spa — DB  Jcmigan,  J  Hof- 
mann,  MS  Cetron,  CA  Genese,  JP  Nuorti,  BS 
Fields,  RF  Benson,  RJ  Carter.  PH  Kdelstein,  IC 
Guerrero.  SM  Paul,  HB  Lipman.  RF  Breiman 
Lancet  1996:347:494. 

BACKGROUND:  Outbreaks  of  travel-related 
Ix'gionnaires'  disease  present  a  public-health  chal- 
lenge since  rapid,  sensitive,  and  specific  diagnostic 
tests  are  not  w  idely  used  and  because  detection 
of  clusters  ol  disease  among  travelers  is  difficult. 
We  report  an  outbreak  of  Legionnaires'  disease 
among  cruise  ship  passengers  that  occurred  in 
April.  1994.  but  that  went  unrecognised  until  July. 


258 


RESPIRATORY  Care  •  April  "%  Vol  41  No  4 


The  act  of 


n  s 


apprehending 

the  inner  nature 

of  things 

or  of 

seeing  intuitively. 


L 


ook  closely. 
Here  lies  the  reflection  of  your  good 
judgement.  In  recognizing  that  your 
patients  rely  upon  the  most  qualified 
clinical  decisions,  Nellcor  Puritan 
Bennett  brings  you  effective  informa- 
tion tools  for  making  them  with  confi- 
dence and  clarity. 

Introducing  new  trending  parameters 
for  the  72'^'  Metabolic  Monitor 

Together,  with  the  720(f  Series 
Ventilator,  they  comprise  a  ventilatory 
system  that  gives  you  more  than  respi- 
ratory and  metabolic  data.  It  gives  you 
the  means  to  look  beyond  the  surface 
to  evaluate  a  patient's  status  at  a  glance. 


According  to  Dr.  C.  Price,  M.D.,  CM., 

F.R.C.P.  and  Gail  Lang,  RRT,  ofCredit 

Valley  Hospital  in  Ontario  Canada, 

"In  our  opinion,  the  7250 
Metabolic  Monitor  provided  an 

accurate  assessment  of  our 
patient's  nutritional  requirements 

and  assisted  us  in  making  the 

necessary  adjustments  to  quickly 

wean  him  from  the  ventilator." 

We  even  make  continuous  trending 
look  easy.  With  the  new  Graphics  2.0 
software  option,  you  can  trend  the 
following  metabolic  monitoring  para- 
meters for  up  to  72  hours:  O:  con- 


With  the  new  7250  Metabolic  Monitor 
and  Graphics  2.0,  trending  parameters 
inch  as  VO2  clearly  show  your  patient's 
response  to  decreased  ventilatory  support 
during  weaning. 


Circle  1 16  on  reader  service  card 


sumption,  CO:  production,  respiratory 
quotient  and  energy  expenditure.  So 
you  won't  waste  your  own  energy 
attempting  to  estimate  the  complete 
daily  nutritional  picture  from  incon- 
clusive spot  checks. 

See  your  patients  more  clearly 

To  find  out  more  about  our  "New 
Tools  for  Greater  Insight,"  contact  the 
world's  leading  supplier  of  ventilator 
systems.  Call  Nellcor  Puritan  Bennett  at 

800-NELLCOR;  (U.S.A.) 

510-463-4000 

Fax:510-463-4420 

+31.73.6485200  (Europe) 
Fax:  -H31.73.6410915 
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1994.  METHODS:  After  rapid  diagnosis  of 
Legionnaires'  disease  in  3  passengers  by  urine  anti- 
gen testing,  we  searched  for  additional  cases  of 
either  confirmed  (laboratory  evidence  of  infec- 
tion) or  probable  Legionnaines'  disease  (pneumonia 
of  undetermined  cause).  A  case-control  study  was 
conducted  to  compare  exposures  and  activities  on 
the  ship  and  in  ports  of  call  between  each  case- 
passenger  and  2  or  3  matched  control-passengers. 
Water  samples  from  the  ship,  from  sites  on 
Bemiuda.  and  from  the  ship's  w  ater  source  in  New- 
York  City  were  cultured  for  legionellae  and  exam- 
ined with  PCR.  FINDINGS:  50  passengers  with 
Legionnaires'  disease  ( 1 6  confirmed.  34  proba- 
ble) were  identified  from  9  cruises  embarking 
between  April  30  and  July  9.  1994.  Exposure  to 
whirlpool  spas  was  sU^ongly  associated  with  dis- 
ease (odds  ratio  1 6.2.  95^?  CI  2.8-35 1.7);  risk  of 
acquiring  Legionnaires'  disea.se  increased  by  M'/) 
(95%  CI  1 2- 140)  for  every  hour  .spent  in  the  spa 
water.  Pa.ssengers  spending  time  around  the 
whirlpotil  spas,  but  not  in  the  water,  were  also  sig- 
nificantly more  likely  to  have  acquired  infection. 
LegkmvlUi  fmeiiinophila  serogroup  1  was  isolated 
only  from  the  sand  filter  in  the  ship's  whirlpool 
spa.  This  isolate  matched  a  clinical  isolate  from 
the  respiratory  secretions  of  a  case-passenger  as 
judged  by  moniKional  antibody  subtyping  and  by 
arbitrarily  primed  PCR.  INTERPRETATION: 
This  investigation  shows  the  benefit  of  obtaining 
a  recent  travel  history,  the  usefulness  of  unne  anti- 
gen testing  for  rapid  diagnosis  of  legionella  infec- 
tion, and  the  need  for  improved  surveillance  for 
travel-related  Legionnaires'  disease.  New  sU'ate- 
gies  for  whirlpool  spa  maintenance  and  decon- 
tamination may  help  to  minimise  transmission  of 
legionellae  from  these  aerosol-producing  devices. 

Cytonu'caiovirus:  An  Inexpecled  Cause  of 
Ventilalor-.Vs.socialed  Pneumonia  L  Papa/ieui. 
A  Frdisse.  L  Garbe,  C  Zandotti.  P  Thomas.  P  Saux. 
G  Perrin,  F  Gouin.  Anesthesiology  1996:84 
(2):28(). 

BACKGROUND:  Cytomegalovirus  (CMV)  fre- 
quently is  ohserveil  in  iminunocomproniised  hosts. 
The  aim  of  this  study  w  as  to  report  cases  of  ven- 
tilator-assiK'iatcd  CMV  pneumonia  diagnosed  by 
pathologic  examination  in  intensive  care  patients 
without  acquired  immunodeficiency  syndrome 
or  hematologic  malignancy  or  who  were  not 
receiving  immunosuppressive  agents.  METH- 
ODS: I-rom  June  I.  19S9.  to  May  31.  1994.  2.785 
patients  were  hospitalized.  During  the  study 
period.  60  autopsies  and  26  open-lung  biopsies 
were  performed  in  noninimunocompromised 
patients  who  were  seen  vv  ith  acute  respiratory  fail- 
ure ami/or  symptoms  suggestive  of  ventilator-asso- 
ciated pneumonia.  Cytomegalovirus  pneumonia 
was  diagnosed  using  pulmonary  samples  by  the 
identification  of  large  cells  with  large  nuclei  con- 
taining a  basophilic  or  eosinophilic  inclusion  sur- 
rounded by  a  light  halo.  These  typical  findings 
always  were  associated  v\  ith  a  diffuse  interstitial 


pneumonitis.  RESULTS:  Cytomegalovirus  pneu- 
monia was  diagnosed  after  histologic  examina- 
tion in  25  patients.  The  reason  for  admission  to 
the  intensive  care  unit  was  major  surgery  in  13 
patient.s  and  medical  problems  in  1 2  patients.  Ven- 
tilator-associated CMV  pneumonia  was  diagnosed 
by  histologic  examination  22.4  ±  8.8  days  after 
admission  to  the  intensive  care  unit  (median  18 
days;  range  1 0-40  days  I.  The  clinical  description 
was  similar  with  the  25  patients  who  were  seen 
with  ventilator-associated  CMV  pneumonia  and 
the  61  patients  witliout  \enlilator-ass(x;iated  CMV 
pneumonia.  However,  there  was  a  more  severe 
hypoxemia(72±16vs95±41mmHg,p<0.05) 
and  a  higher  Weinberg's  radiologic  score  (9.2  + 
1 .9  vs  7.4  ±  2.7,  p  <  0.05 )  in  the  ventilator-asso- 
ciated CMV  pneumonia  group.  Diagnosis  of  ven- 
tilator-associated CMV  pneumonia  was  made  for 
9  of  17  patients  when  shell-vial  culture  technique 
using  fiuorescein-labcled  antibody  E  13  was  per- 
formed on  bronchoalveolar  lavage  products.  Four 
of  the  8  patients  treated  by  ganciclovir  therapy 
died  of  multiple  organ  dysfunction  syndrome. 
CONCLUSIONS:  The  diagnosis  of  ventilator- 
associated  CMV  pneumonia  should  not  be 
excluded  in  intensive  care  patients,  even  those 
without  acquired  immunodeficiency  syndrome, 
hematologic  malignancy,  or  immunosuppressive 
agents  on  admission. 

Bronchoalveolar  Oxv radical  Inflammatory  Ele- 
ments Herald  BronchopulnKmarv  Dysplasia — 

M  Contreras.  N  Hariharan,  JR  Lewandoski.  W 
Ciesielski.  R  Koscik,  JJ  Zimmerman.  Crit  Care 
Med  I996;24(l):29. 

OBJECTIVES:  To  quantify  oxyradical  inflam- 
matory markers  in  serial  endotracheal  tube  aspi- 
rates obtained  from  premature  neonates  at  risk  for 
developmg  bronchopulmoniiry  dysplasia,  and  to 
correlate  these  parameters  with  clinical  manifes- 
tations of  the  disease.  DESIGN:  Prospective  cohort 
study.  SETTING:  Tertiary  neonatal  intensive  care 
unit.  PATIENTS:  Twenty-eight  intubated,  pre- 
mature infants,  with  15  infants  displaying  simple 
respiratory  distress  syndrome  and  1 3  infants  even- 
tually developing  bronchopulmonary  dysplasia. 
INTERVENTIONS:  Endotracheal  tube  a.spirates 
were  collected  ;md  clinic;il  severity  scores  w  ere  cal- 
culated longitudinally  from  an  inception  cohort  dur 
ing  the  first  week  of  life.  Diagnosis  of  bron- 
chopulmonary dysplasia  by  standard  criteria  was 
recorded  at  30  da\  s  of  life.  Various  biochemical 
itnalyses  related  to  pulmoiuirv  o.xyradiciti  stress  vvea- 
detennineil  on  endotnicheal  tulx;  aspirates  and  were 
nonnah/ed  accordmg  to  the  magnitude  of  serum/ 
aspirate  uiva  ratios.  Tlie  demographic,  illness  sever- 
ity, and  biiK'hcmical  chiuacteristics  of  infants  with 
simple  rB-spiratory  distrc,ss  syndrome  and  those  chiir- 
acteristics  of  infants  developing  bronchopulmonarv' 
dysplasia  were  evaluated  by  masked  comparison. 
MEASUREMENTS  &  MAIN  RESULTS:  Pop- 
ulations of  respiratory  distress  syndrome  and 
bronchopulmoniiry  dysplasia  infants  could  Ix'  dif- 


ferentiated during  the  first  week  of  life  by  means 
of  the  following  panuiieters:  gestational  age;  birth- 
weight;  Score  of  Neonatal  Acute  Physiology; 
Neonatal  Therapeutic  Inter\ention  Scoring  Sys- 
tem; epithelial  lining  fiuid  leukocytes;  elastase; 
myeloperoxidase;  xanthine  oxidase  and  catalase 
enzyme  activities;  and  total  sulfhydryls.  CON- 
CLUSIONS: Infants  with  simple  respiratory  dis- 
tress syndrome  could  be  segregated  from  those 
infants  vv  ho  dev  elo|x;d  bronchopulmonary  dysplasia 
by  the  magnitude  of  the  epithelial  lining  fiuid 
oxyradical  infiammation  markers.  While  infants 
developing  bronchopulmonarj  dysplasia  typically 
exhibited  increased  concentfations  of  these  mark- 
ers during  the  first  week  of  life,  those  infants  with 
simple  respiratory  distress  syndrome  displayed  low, 
unifonii.  or  decreasing  v  alues  of  these  markers  over 
this  interv  al.  Inliuils  developing  bronchopulmonary 
dysplasia  demonsuate  ;m  early  pulmoniiry  infiam- 
matory  response.  ;uid  one  key  aspect  of  this  response 
involves  various  oxyradical-generating  systems. 

( )xv  gen  I  'onsuniption  (  alculated  from  the  Pick 
Equation  Has  Liniiled  L  tillty — MC  Stock,  ME 
Ryan.  Crit  Care  Med  I996;24(  1  ):86. 

OBJECTIVE:  To  delemiine  w  hether  oxygen  con- 
•sumption  (Vo,)  calculated  using  the  Fick  rela- 
tionship (calculated  Vq,)  detemiines  total  body 
V(|,  accurately  and  precisely  enough  to  employ 
this  methixl  during  clinical  assessment  of  oxygen 
transport.  DESIGN:  Methods  comparison,  using 
repeated  measures  during  4  physiologic  states:  nor- 
mal heart/nomial  lungs,  heart  faiIure/nomi;J  lungs, 
nomial  heart/acute  lung  injury,  heart  failure/  acute 
lung  injury.  SETTINGS;  University  research  lah- 
oratorv'.  SLIBJECTS:  Thirteen  adult  Yucatan  pigs. 
INTERVENTIONS:  Oleic  acid-induced  acute  lung 
injury;  bean  failure  was  induced  w ith  a  contin- 
uous infusion  of  esmolol.  MH.ASUREMENTS  & 
MAIN  RESULTS:  Calculated  Vq;  was  detennined 
by  multiplying  thermodiiution  cardiac  output  by 
the  arterial-venous  oxygen  content  difference  in 
anesthetized,  spontaneously  breathing  animals. 
Conditions  were  tightly  controlled  so  that  cal- 
culated Vo;  would  be  as  accurate  as  possible. 
"True"  Vo;  was  measured  simultaneously  with  a 
water-sealed  spirometer  (spirometry  Vo,).  Cal- 
culated Vo..  and  spirometry  Vo,  were  detennined 
;ind  analyzed  during  the  4  physiologic  states  listed 
above.  Pooled  data  also  were  evaluated.  Mean 
spirometry  Vo..  and  calculated  Vq,  differed  sig- 
nificantly during  all  4  physiologic  states  and  when 
data  were  pooled  (spirometry  Vq.,  273  ±  70,  cal- 
culated Vo,  178  ±  58  mlVmin,  p  <O.OI ).  Calcu- 
lated Vo..  consistently  underestimated  spirome- 
uy  V'o,.  as  demonsu-ated  bv  Uie  large,  positive  bias 
in  pooled  data  (95  ±  59  mUmin)  and  in  tlie  4  phys- 
iologic states.  Linear  regression  of  data  from  all 
4  states  yielded  slopes  that  were  indistinguishable 
from  I.  but  y-intercepts  that  varied  from -152  to 
■Hi 82.  For  pooled  data  the  following  equation  was 
used:  calculated  Vo;  =  0.5  x  (spirometry  Vo;  +  46); 
r-  =  0.35  Precision  in  pcKiled  data  was  229f  of  the 
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mean  spironietr\'  Vo,.  Data  analysis  for  the  4  phys- 
iologic states  demonstrated  resiilts  similar  to  those 
results  obtained  when  data  were  pooled.  CON- 
CLUSIONS: Even  in  a  tightly  controlled,  clin- 
ical simulation  in  the  laboratory,  calculated  Vo; 
from  the  Pick  relationship  systematically  under- 
estimated Vq,  measured  with  a  water-sealed 
spirometer.  If  ffue  V(  >,  changes,  the  magnitude  and 
direction  of  change  will  be  reflected  by  calculated 
Vq,  but  with  =20'/(  error  in  the  absolute  value. 
Heart  failure,  acute  lung  injury,  and  their  com- 
bination did  not  affect  the  accuracy  of  calculated 
Vo;.  Therefore,  calculating  Vq,  using  the  Pick  rela- 
tionship is  too  inaccurate  to  be  used  for  research 
purposes.  Because  assessment  of  the  directional 
change  of  Vq,  may  be  clinically  useful,  calculated 
Vq.  can  be  employed  with  discretion  during  clin- 
ical oxygen  transport  evaluation,  bearing  in  mind 
the  calculation's  inherent  imprecision. 

Evidence  Based  Critical  Care  Medicine:  VVha( 
Is  It  and  What  Can  It  Do  for  Us?— DJ  Cook. 
WJ  Sibbald.  JL  Vincent,  FB  Cerra.  for  the  Evi- 
dence Based  Medicine  in  Critical  Care  Group.  Crit 
Care  Med  19%;24(2):3.^4. 

OBJECTIVE:  To  describe  the  philosophy  and 
approach  to  patient  care  called  evidence  based 
medicine,  and  to  highlight  how  it  can  enhance  the 
practice  of  intensive  care.  DATA  SOURCES:  We 
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searched  MEDLINE,  reference  lists,  and  our  per- 
sonal files  to  identify  rele\  ant  literature.  STUD'l' 
SELECTION:  Articles  on  intensive  care  practice, 
critical  appraisal,  clinical  research,  and  health-care 
delivery  were  selected  for  discussion.  DATA 
SYNTHESIS:  We  summarize  the  rationale  for  evi- 
dence based  medicine,  its  applications  and  future 
developments,  and  suggest  se\'eral  methods  for 
intensivisLs  to  use  e\  idence  based  medicine  in  their 
practice  and  teaching.  CONCLUSIONS:  E\  idence 
based  medicine  can  complement  otlier  foundation 
disciplines  in  intensive  care.  This  is  the  first  arti- 
cle in  a  series  entitled  "Evidence  Based  Critical 
Care  Medicine"  which  will  demonstrate  how  this 
approach  can  be  used  ;it  the  bedside. 

Causes  of  Hypercarbia  with  Oxygen  Therapy 
in  Patients  with  Chronic  Obstructive  Pul- 
monary Disease — CW  Hanson  .^rd.  BE  M;ushall. 

HP  Frasch.  C  Marshall.  Crit  Care  Med  1996; 
:4(1):23. 

OBJECTIVES:  To  compare  data  derived  from  a 
computer  mtxlel  of  the  pulmonary  circulation  with 
data  from  a  case  series  of  patients  with  chronic 
obstructive  pulmonary  disease  (COPD).  To  eval- 
uate the  specific  factors  conffibuting  to  CO:  reten- 
tion due  to  oxygen  therapy  in  patients  with  acute 
exacerbations  of  COPD.  DESIGN:  Data  from  a 
computer  model  of  the  pulmonary  circulation  were 
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compared  with  a  previous  case  series.  PATIENTS: 
Patient  data  were  derived  from  previous  case 
series.  INTERVENTIONS:  Simulated  applica- 
tion of  oxygen  therapy.  MEASUREMENTS  & 
MAIN  RESULTS:  The  computer  model  of  the 
pulmonary  circulation  generates  data  compara- 
ble with  those  data  from  a  series  of  patients  with 
COPD  u-eated  w  ith  supplemental  oxygen  and  per- 
mits identification  of  the  causes  for  hypercarbia. 
Therapy  with  supplemental  oxygen  alters  hypoxic 
pulmonary  vasoconstriction  and  modulates  the 
Haldane  effect,  resulting  in  changes  in  physio- 
logic dead  space.  CONCLUSION:  Changes  in 
physiologic  dead  space  are  sufficient  to  account 
for  the  hypercarbia  developed  by  patients  with 
acute  exacerbations  of  COPD  when  treated  with 
supplemental  oxygen. 

Evaluation  of  Lung  Function  after  Intratra- 
cheal Perfluorocarbon  Administration  in 
Healthy  Animals — AS  Tiitiincii.  RM  Houmes. 
JAH  Bos.  P  Wollmer.  B  Lachmann.  Cnl  Care  Med 
1996:24(2):274. 

OBJECTIVES:  To  investigate  the  effects  of  par- 
tial liquid  ventilation  (ie.  mechanical  ventilation 
in  combination  with  intratracheal  administration 
of  perfluorocarbon)  on  lung  function,  with  par- 
ticular attention  to  the  integrity  of  the  alveolo- 
capillary  membrane  in  healthy  adult  anim:iK 
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Abstracts 


DESIGN:  Prospective,  ranclomi/ed.  controlled 
study.  SETTING:  Laboratory  at  the  Departmenl 
of  Experimental  .<\nesihesiology.  Erasmus  Uni- 
versity. Rotterdam.  SUBJECTS:  Ten  adult  male 
New  Zealand  rabbits.  INTERVENTIONS:  Five 
rabbits  were  intratrachcally  treated  with  1 2  mlAg 
of  pertluorocarbon  while  conventional  mechan- 
ical ventilation  (volume-cotitroUed.  tidal  volume 
of  1 2  mL/kg.  respiratory  rate  of  .W  breaths/min. 
inspiration-expiration  ratio  of  1 :2,  positive  end- 
expiratory  pressure  of  2  cm  HiO.  and  an  F|o..  of 
1 .0)  was  applied  for  3  hours.  To  assess  the  per- 
meability of  the  alveolocapillary  membrane,  pul- 
monary clearance  of  inhaled  technetium-99m- 
labeled  diethylenetriamine  penta-acetic  acid 
('wmXc-DTPA)  measurements  were  performed  at 
3  hours  and  compared  w  ith  data  from  the  con- 
trol group  (n  =  5)  treated  with  mechanical  ven- 
tilation only,  using  the  same  ventilatory  param- 
eters. MEASUREMENTS  &  MAIN  RESULTS: 
Pulmonary  gas  exchange  and  lung  mechanical 
parameters  were  measured  in  both  groups  at  30- 
minute  intervals.  Mean  values  for  PaO:  in  the  per- 
fluorocarbon  group,  although  at  adequate  levels, 
were  less  than  those  values  of  the  control  group 
during  the  3-liour  study  period  (370  +  44  vs  503 
±  44  ton-  at  3  hours  |49.3  ±  5.9  vs  67.1  ±  5.9 
kPajl.  Peak  and  mean  airway  pressures  were 
higher  in  the  perfluoriK'iU'bon  group  (ranging  from 
1 .9  to  3.4  cm  H2O  and  0.7  to  1 .3  cm  HiO,  respec- 
tively) compared  with  the  control  group,  while 
end-inspiralory  airway  pressure  was  similar  in 
both  groups.  The  half-life  of '"""Tc-DTPA  was 
83.7  ±  24.5  minutes  in  the  control  group,  which 
was  significantly  longer  (p  <  0.01 )  than  in  the 
pertluorocarbon  group  (49.8  ±  6.1  minutes). 
CONCLUSIONS:  These  findings  suggest  that 
partial  liquid  ventilation  with  perlluorocarbons 
lowers  pulmonary  gas  exchange  in  healthy  ani- 
mals, and  the  increased  pulmonary  clearance  of 
''""'Tc-DTPA  after  3  hours  of  this  type  of  ven- 
tilatory support  may  reflect  minimal  reversible 
changes  in  the  lung  surfactant  system. 

'I'ntal  Liquid  V  entllutiiin  with  Perfluorucarbons 
Increases  Puinionarv  Lnd-Kxpiratory  \  (iliinie 
and  (  oinpliaiice  in  tlie  .St'tlin^  of  I.un);  Atelec- 
tasis—R  Tooley.  RB  Hirschl.  A  Parent.  RH 
Bartlett.  Crit  Care  Med  1996;24(2):268. 

OBJECTIVE:  To  compare  compliance  and  end- 
expiratory  lung  volume  during  rc-expansion  of 
nonnal  ami  surfactant-deficient  ex  \  ivo  atelectatic 
lungs  with  either  gas  or  total  liquid  ventilation. 
DESlCiN:  CoiUrolled,  animal  study  using  an  ex 
vivo  lung  preparation.  SETI'lNCi:  A  research  lab- 
oratory at  a  university  medical  center.  SUB- 
JECTS: Thirty-six  adult  cats,  weighing  2.5  to 
4.0  kg.  INTERVENTIONS:  Heparin  (300  U/kg) 
was  administered,  eats  were  killed,  and  lungs 
were  excised  en  bine.  Normal  lungs  and  saline- 
lavaged.  surfactant-deficient  lungs  were  allowed 
to  passively  collapse  and  remain  atelectatic  for 
1  hour.  Lungs  ilien  were  placed  in  a  plethys- 


mograph  and  ventilated  for  2  hours  with  stan- 
dardized volumes  of  cither  room  air  or  pertlu- 
orocarbon. Static  pulmonary  compliance  and  end- 
expiratory  lung  volume  were  measured  every  30 
minutes.  MEASUREMENTS  &  MAIN  RE- 
SULTS: Re-expansion  of  nonnal  atelectatic  lungs 
with  total  liquid  ventilation  was  associated  with 
an  1 1-fold  increase  in  end-expiratory  lung  vol- 
ume when  compared  «'ith  the  increase  in  end- 
expiralory  lung  volume  observed  with  gas  ven- 
tilation (total  liquid  ventilation  50  ±  14  niL.  gas 
ventilation  4  ±  9  mL,  p  <  0.0001 ).  The  differ- 
ence was  even  more  pronounced  in  the  surfac- 
tant-deficient lungs  with  an  =I9-fold  increase 
in  end-expiratory  lung  volume  observed  in  the 
total  liquid  ventilated  group,  compared  with  the 
gas  ventilated  group  (total  liquid  ventilation  44 
±  17  niL,  gas  ventilation  2  +  S  mL.  p  =  0.0001 ). 
Total  liquid  ventilation  was  associated  with  an 
increase  in  pulmonary  compliance  when  com- 
pared with  gas  ventilation  in  both  normal  and 
surfactant-deficient  lungs  (nonnal:  gas  ventilation 
6  ±  I  mL/cm  HiO,  total  liquid  ventilation  14  + 
4  mL/cm  HiO.  p  <  0.0001 ;  surfactant-deficient: 
gas  ventilation  4  ±  I  mL/cm  H:0,  total  liquid 
ventilation  9  ±  3  mL/cm  H:0,  p  <  0.01 ).  CON- 
CLUSIONS: End-expiratory  lung  volume  and 
static  compliance  are  increased  significantly  fol- 
lowing attempted  re-expansion  with  total  liquid 
ventilation  when  compared  with  gas  \entilation 
in  normal  and  surfactant-deficient,  atelectatic 
lungs.  The  ability  of  total  liquid  ventilation  to 
enhance  recruitment  of  atelectatic  lung  regions 
may  be  an  important  means  by  which  gas 
exchange  is  improved  during  total  liquid  ven- 
tilation when  compared  with  gas  ventilation  in 
Ihc  selling  of  respiratory  failure. 

Cardi()puliii(inar\  Manifestations  of  Han- 
tavirus Pulmonary  .Syndrome — GW  Hallin.  SQ 
Simpson,  RE  Crowell.  DS  James,  FT  Rosier,  GJ 
Mert/,  H  Levy.  Crit  Care  Med  1996:24(21:252. 

OBJECTIVE:  To  describe  the  clinical  character- 
istics of  a  group  of  patients  infected  witli  the  newly 
recognized  hanta\'ims  in  the  Southwestern  United 
States.  DESIGN:  Case  series.  SETTING:  Tertiary 
referral  center.  P.AI'lIiNTS:  .^11  patients  with  con- 
firmed hantavirus  infection  admilled  to  the  Uni- 
versity of  New  Mexico  Hospital  between  May  I. 
1993  and  January  I,  1994.  INTERVENTIONS: 
Records  of  patients  with  hantavirus  infection  were 
reviewed  to  collect  all  [X-rtinenl  clinical  data.  MF..'\- 
SUREMENTS  &  MAIN  RESULTS:  Pulmonary 
disease  in  these  patients  was  characterized  by 
hy[ioxeniia  cmering  a  wide  range  of  severity.  'ITie 
cause  of  h\  [loxcmia  «  as  an  increased  penneability 
(noncardiaci  pulmon;ir\  edema  which  could  be  dif- 
ferentiated from  hydrostatic  (cardiac)  pulmonary 
edema  by  its  avsociation  with  low  pulmonary  ;mery 
occlusion  pressures  and  increased  protein  content 
of  edema  fluid.  Hemodynamic  measurements  in 
severe  cases  showed  a  shock  state  characterized 
bv  a  low  cardiac  index  (ninae  1 .6  to  3.0  I7niin/m-). 


a  low  stroke  volume  index  (range  10.5  to  29 
inL/m-).  and  high  systemic  vascular  resistance  index 
(range  1653  to  2997  dyne  ■  s/cm^-  m-).  Progres- 
sion to  death  was  associated  with  worsening  car- 
diac dysfunction  unresponsive  to  treatment  and 
causing  oxygen  debt  and  lactic  acidosis.  CON- 
CLUSIONS: The  2  major  life-threatening  patho- 
physiologic changes  in  Hantav  ims  Pulmonary  Syn- 
drome are  increased  permeability  pulmonary 
edema,  and  an  atypical  fonn  of  septic  shock  caused 
by  myocardial  depression  and  hypo\'olcmia. 

Inhaled  Nitric  ( )\ide  in  (  liildren  with  Severe 
Lung  Disease:  Results  of  .\cule  and  Prolonged 
Therapy  w  ith  Two  Concentrations — RW  Day, 
M  Guarin,  JM  Lynch,  DD  Vernon,  JM  Dean.  Crit 
Care  Med  1996;24(2):2I5. 

OBJECTIVES:  To  e\  aluate  the  ,icute  effects  of 
1 1  and  60  parts  per  million  (ppm)  inhaled  nitric 
oxide  on  the  pulmonary  vascular  resistance  and 
systemic  oxygenation  of  children  with  severe  lung 
disease,  and  to  compare  the  outcome  of  prolonged 
therapy  with  s  1 0  and  40  ppm  inhaled  nitric  oxide, 
DESIGN:  Prospective,  randomized  study.  SET- 
TING: .\  26-bed  pediatric  intensive  care  unit  in 
a  tertiary  children's  hospital.  PATIENTS:  Nine- 
teen patients  (median  age  1 1  yc;irs.  range  7  months 
to  16  yeai^)  with  acute  bilateral  lung  disea.se  requir- 
ing a  positive  end-expiratory  pressure  (PEEP)  of 
>  6  cm  HiO  and  an  Fiq,  of  >  0.5  for  >  1 2  hours 
were  treated  with  inhaled  nitric  oxide.  One  patient 
was  treated  twice  during  the  same  hospitalization. 
INTERVENTIONS:  Acute  hemodynamic  and 
blood  gas  effects  of  1 1  and  60  ppm  inhaled  nitric 
oxide  were  studied,  while  delivering  these  con- 
centrations in  random  order  for  interx  als  of  20  to 
30  minutes.  Each  inter\al  was  preceded  by  an 
interval  of  20  to  .^0  minutes  w  ithout  nitric  oxide. 
Patients  were  then  randomized  and  treated  for  a 
prolonged  periixl  with  E 10  or  40  ppm  inhaled  nitric 
oxide  independent  of  their  initial  acute  responses 
to  1 1  and  60  ppm.  Nitric  oxide  was  discontinued 
when  ventilatory  sup|xirt  w;is  decrea.scd  to  a  PEEP 
of  <  6  cm  H:0  and  an  F|„-  of  <  0.5.  MEASURE- 
MENTS &  MAIN  RESfH.TS:  Inhaled  ninic  oxide 
selectively  decreased  pulmonary  va.scular  resis- 
tance and  impro\'ed  systemic  oxygenation.  Acute 
hemoih  namic  and  blood  gas  effects  of  1 1  and  60 
ppm  nitric  oxide  were  similar.  Systemic  oxy- 
genation improved  to  a  greater  extent  in  patients 
with  radiographic  evidence  of  residual  aerated  lung 
regions  than  in  patients  w  ith  diffuse  bilateral  lung 
disease.  Maximum  methemoglobin  concentrations 
were  greater  in  patients  treated  lor  a  prolonged 
|ieri(xl  w  itli  -H)  ppm  nitric  oxide.  Ttie  mortality  and 
duration  of  therapy  were  simihu"  for  patients  ffeated 
with  10  and  40  ppm  inhaled  nitric  oxide.  CON- 
CLUSIONS: Pulmonary  vascular  resistance  and 
systemic  oxygenation  are  acutely  improved  to  a 
similar  extent  by  1 1  and  60  ppm  inhaled  nitric 
oxide,  and  concentrations  in  excess  of  1 0  ppm  are 
probably  not  needed  for  prolonged  therapy  of  chil- 
dren with  se\ere  lunc  disease. 
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AARC95-024  What  Happens  to  ARDS  Sun.ivors''  ,Vf//  R  Maclnlyre.  MD 
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AARC95-027  What  Have  We  Learned  about  Lung  Injun,  from  the 

Management  of  Near-Drowning''  Jerome  H  Modell.  MD 
AARC95-028/29         RCPs  Meet  the  Challenge  of  the  NAEPP:  Urban  Message- 
Getting  the  Message  Out  and  Breaking  the  Barriers  to  Care 

nomas  J  Kallstrom,  RRT  Alvin  i'  Thomas,  MD 
AARC95-030  School-Based  Asthma  Management-Strategies  for  Asthma 

Care  for  the  Child  in  School  &  Panel  Discussion  Mark  W 

Millard.  MD 
AARC95-03 1  Management  of  Acute  Respiratory-  Failure  without  Intubation 

Robert  M  Kacmarek.  PhD,  RRT,  David  J  Pierson,  MD 
AARC95-032  Changing  the  Paradigm    The  Role  of  the  RCP  in  Health 

Promotion/Disease  Prevention   William  F  (iaivin,  MSFd, 

RRT  CPFT 
AARC95-033/34         RCPs  in  the  Operating  Room,  RCPs  on  the  Resuscitation 

Team  Richard  D  Branson,  RRT.  Charles  G  Durbin.  Jr .  MD 
AARC95-035/36         RCPs  in  the  Hyperbaric  Chamber;  RCPs  in  the  Subacute 

Care  and  Skilled  Nursing  Facility  Setting  John  M  Grayheal. 

CRTI,  Dianne  L  Lents  MS,  RRT 
A.^RC95-037  Laboratory  and  Clinical  Experience  in  Liquid  Ventilation 

Ronald  B  HirschI,  MD 
AARC95-038  Practical  Considerations  in  the  Therapeutic  Administration  of 

Inhaled  Nitnc  Oxide  Robert  M  Kacmarek,  PhD,  RRT 
AARC95-039  Tracheal  Cjas  Insufflation  Sue  A  Ravemcraft,  MD 

AARC95-040  Ventilator  Management  to  Avoid  Barotrauma  David  J 

Pierson.  MD 
AARC95-041  Gene  Therapy  for  Cystic  Fibrosis  David  F  Geller.  MD 

AARC95-044  What  Are  Outcomes  and  Why  Are  They  Needed''  Jeffrey  A 

Souza.  R,V 
D      AARC95-045  What  Outcomes  To  Measure  and  How   I'lanna  Zimbel.  BS. 
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Outcomes  Measurement— What  Lies  Ahead  Jeffrey  .4  Souza. 
RN  and  Panel  Discussion— Outcomes  Measurement  in  Home 
Care 

Guidelines  for  Predicting  Mortality  and  Morbidity  in  Cardiac 
Disease  Michael  B  Higginbolham.  \fD 
Preoperative  Assessment  in  Upper  .Abdominal  and  Thoracic 
Surgery   Charle\G  lr\iii.  PhD 

Maximizing  Exercise  Performance  in  Genatnc  Populations 
Michael  B  Higginbolham.  MD 

Mechanical  Limitations  Dunng  Exercise  Charles  G  Inin, 
PhD 

Utilizing  the  AARC  Clinical  Practice  Guidelines  Garr\  W 
Kauffman.  MPA.  RRT 

Building  a  Collaborative  Practice  Team  Dorothy  M  Kite- 
Powell.  CCRj\.  ,\IS,\ 

Benchmarking  Your  Standards  of  Care  Michael  Boroch. 
MBA.  RRT 

Building  Your  Outcome  Management  Goals  Michael 
Boroch.  MBA.  RRT 

Case  Presentation— Outcomes  Management  John  S  .Sabo. 
MS,  RRT 

Meeting  the  Demands  of  a  "Reformed"  Health  Care  System 
William  ( ;  Hinkle.  PhD 

The  Development  of  Core  Curricula  in  Allied  Health 
Programs  Leonard  J  Finocchto,  \tPH 
First  Year  Report  on  the  Respiratory  Care  Accreditation 
Board  (RCAB)   Thoiiuf.  F  Anderson.  PhD.  RRT 

Monday,  December  4,  1995 

Respiratory  Care  at  the  Crossroads    Evolution  or  Extinction'' 

DeanR  Hess.  PhD  RRT 

The  Impact  of  Restructuring  on  Respiratory  Care  Education 

Crystal  L  Dimlevy.  FdD.  RRT 

Alternative  Strategies  in  Clinical  Education  Crystal  L 

Dunlevy  FdD.  RRT 

Enhanced  Clinical  Education  in  the  Respiratory  Care  Lab 

William  F  Galvin.  MSFd.  RRT.  CPFT 

Pediatnc  Pulmonary  Diagnostics:  Aren't  They  Just  Little 

Adults^  Susan  Blonshine.  BS.  RRT.  RPFT 

Do  All  Pediatnc  Tests  Need  To  Comply  with  the  ATS 

Standards^'  .Jack  Wanger.  MBA.  RRT  RPFT 

Pediatnc  Challenges  Carl  Moiiram.  RRT.  RPFT 

Assessment  of  Respiratory  Control  in  the  Fullterm  Infant 

Deborah  K  While.  BS.  RRT  RPFT 

Scientific  Rationale  for  Clinical  Use  of  Nitnc  Oxide  John  E 

Thompson.  RRT 

Current  and  Future  Applications  of  Nitnc  Oxide  Robert  M. 

Kacmarek  PhD.  RRT 

Watch  Il'-Practical  Aspects  of  Nitnc  Oxide  John  E 

Thompson.  RRT 

The  View  of  the  Neonatologist:  The  View  of  the  Pediatrician 

Sherry  E  Courtney.  ,\IS.  MD.  Da^id F  Geller  MD 

The  View  of  the  Anesthesiologist.  The  View  of  the 

Pulmonologist  Charles.  G  Durbin  Jr,  MD-  Richard 

Sheldon.  KTD 

The  View  of  the  Surgeon;  The  View  of  the  Intensivist  Jay  A. 

Johtmnigman.  MD.  James  M  Hurst.  MD 

Respiratory  Muscle  Retraining-Does  It  Improve  Function? 

Barry  Make,  MD 

Metabolic  Testing-Does  It  Change  the  Exercise  Prescnption? 

Mark  W  Millard,  MD 

Five  Important  Articles  You  Should  Have  Read  on  Pulmonary 

Rehabilitation  in  1995  Barn  Make.  Mil 

Pre-Hospital  Management  and  Transport  of  the  frauma 

Patient  Ja\  A  Johannigmcni.  \{D 

Management  of  the  Pediatnc  Trauma  Paiii:nt  Joseph  J  Tepas 

III.  MD 
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Managing  End-Of-Life  Issues  Patrick  J  Cacchifiiie 

Physiology  of  Alpha  I -Antitrypsin  and  Pathophysiology  of 

Deficiency  States  Michael ./  Krowka,  .MI) 

Clinical  Features  of  Alpha  l-Antitrypsin  Deficiency  .}aiiics 

K  Siolk-r  Ml) 

Current  and  Future  Treatment  Options  for  Alpha  1- 
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Lung  Transplantation  for  Alpha  1-AnIilrypsin  Deficiency 
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Tlie  1995  JCAHO  Standards  --  Tile  First  Year's  Fxperience 

Kulhlct'ii  linnlim.  RRl 

Developing  and  Using  an  Effective  Plan  of  Care  I'laiiiia 

Iinihd.  US.  I  HIT 

Improving  Organization  Performance  &  Patient  Satisfaction 

I'lamia  Zimhel.  H.S.  CRI'I 

Questions  and  Answers  --  Home  Care.  Tlie  Impact  of 

Accreditation 

Tuesday,  December  5,  1995 

Equipment  Validation  in  the  Pulmonarv  Tab  Jack  Wander. 

.\m.4.  RRl.  /;/'/■  I 

What  Features  Do  We  Really  Need  in  Mechanical 

Ventilators''  Ruhcri  M  Kaciiiarek.  I'hl).  RRl 

Tile  Consensus  Statement  from  the  1995  Conference  on 

Assessing  Innovations  on  Mechanical  Ventilatory  Support 

Thomas  I)  East.  I'hl) 

Defining  Subacute  Care  Services.  Patients.  Settings,  and 

Outcomes  Kathleen  M  Griffin.  I'hl) 

Using  Outcome  Data  to  Justify  Subacute  Care  Services 

Diatuie  I.  l.ems.  MS.  RRT 

Providing  Subacute  Services  in  a  Managed  Care  Environment 

Kevin  .4  Cornish.  RRT 

Five  Tilings  I  Learned  this  Year  about  .Aerosol  Tlierapy  .Ion 

()  ,V;/,vf,v»«-/i,  Fhl).  RRT 

Five  Tilings  I  Learned  this  Year  about  CPR   limiiun  .4 

Hames.  EJl).  RRT 

Five  Things  I  Learned  this  Year  about  Managed  Care 

Michael  lioroch.  MR.4.  RRT 

Five  Things  !  Learned  this  Year  about  Sleep  Apnea  Karen  J 

.Siemiri.  HS.  RRT 

Five  Tilings  1  Learned  this  Year  about  What  the  RC  Future 

Might  Be  (According  to  the  Federal  Government)  Cherxl  .4 
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and  Foniuilating  a  Hypothesis  James  K  Sloller.  Ml).  Shelle\ 

C  Mishoe.  FhD.  RRT 

A  Vignette:  What  is  a  Null  Ihpothesis'':  Reviewing  the 

Literature  and  Finding  a  Mentor  Dean  R  Hess.  Fhl).  RRT. 

Joseph  I.  Rail.  I'hl).  RRT 

A  Vignette:  The  p  Value  -  Just  What  Is  If;  Validating 

Patient-Driven  Protocols  --  Choosing  a  Design;  A  Vignette 

Getting  Your  Abstract  Accepted  Dean  R  Hets.  Fhl).  RRT. 

Charles  C,  DurhinJr.  MD.  Ka\e  Weber  MS.  RRT 

Cv  Stic  Fibrosis:   It's  Not  Just  for  Kids  Anymore  Stanley  H 

Fiel  Ml) 

Language  of  Managed  Care  John  R  Wahtm.  I-.4CHE.  RRT 

Competency  Standard  Development  and  Perfonnance 

Management  ./ohn  S  Saho.  .\IS.  RRT 
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RRl  *  .Michael  Roroch.  .\W.^.  RRl 

Subacute  Respiratory  Care  Services  Can  EITectively  Be 
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Are  RCPs  Really  Going  To  Be  Able  to  Depend  on 

Computers''   Thomas  I)  East.  Fhl) 

The  Effects  of  State  Licensure  and  Credentialmg  on 

Respiratory  Home  Care  .//// .-)  Etcher.  Ml\4 

Washington  Update  on  Home  Care  Cheryl .4  Hrown.  Mlt.4 

Ethical  Principles  Relevant  to  the  ICU  Gordon  D  Ruben/eld. 
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Function  Laboratory   Charles  G  Irviii.  Fhl) 
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your  throat,  Inil  llii'iv  really  is  an  allcriiatlNC  to  Conlnilli'd 
Mechanical  Ventilation  (CMV).  The  Hayek  Oscillator  is  a 
revolutionary  non-invasive  ventilator  that  avoids  the  complications 
of  intubation  and  its  inherent  risks.  The  lla^ek  Oscillator,  for  the 
first  time  offers  medical  professionals  a  real  choice.  The  Hayek 
Oscillator  can  be  effectively  used  to  treat  acute  and  chrotiic 
respiratory  insufficiency  in  adult  and  pediatric  patients. 


The  Hayek  Oscillatomm  be  used  ('(|ii,d[\  well  in  the  hospital,  the 
sub-acute  care  environment  and  in  the  home 


Non-invasive. 

\entilates  normal  and  sick 

lunKS. 

hupnnes  oxygenation. 

(,)uick  and  easy  to  use, 

.Avoids  barotrauma. 


Panides  effective 
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mobilization. 

May  shorten  hospital  stays. 

Cost  etTective. 
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Abstbacts  SlPOSTER 

Presentations 


The  AARC  Education  Section  is  Iool<ing  for  educational  research  and  experience 
with  models  and  instructional  methods  that  may  be  useful  in  implementing  the 
recommendations  of  the  Education  Consensus  Conferences  or  other  issues  in 
respiratory  care  education.  Special  consideration  will  be  given  to  abstracts  and 
poster  presentations  that  deal  with  multiskill  curriculum  and/or  core 
curriculum. 


The  1996  Summer  Forum,  scheduled  for  July  12-14  in  Naples,  FL,  will  offer  two  opportunities  for 
participants  to  share  their  scholarly  activities  with  colleagues: 

1 .  Research  abstract  presentations  dealing  with  respiratory  care  education.  (Paper 
presentations  will  be  limited  to  1  5  minutes,  including  five  minutes  for  discussion.) 

2.  Poster  presentations  dealing  with  education  models,  methods,  or  materials  that  can  be 
shared  for  noncommercial  use.  (Individual  topics  and  presenters  will  be  briefly 
introduced:  additional  time  will  be  allowed  for  individual  review  of  posters  or  display 
materials  and  interaction  with  the  presenters.) 

Research  abstracts  and  poster  presentation  proposals  must  be  submitted  by  April  15,  1996, 
for  review  by  the  Education  Section  Review  Committee.  All  abstracts  and  proposals  will  be 
peer-reviewed,  and  authors  will  be  notified  of  decisions  by  May  15.  Questions  may  be 
directed  to  the  review  committee  chair,  Pat  Munzer. 


Proposals  must  include  three  components: 

Cover  sheet  that  includes  the  following  information: 

a.  Type  of  presentation  (research  abstract  or  poster  presentation) 

b.  Title  of  presentation 

c.  Names,  primary  titles,  work  addresses,  and  day  telephone  numbers  of  the  authors;  the 
name  of  the  author  who  will  present  the  paper  and  receive  correspondence  should  be 
listed  first 

d.  A  statement  of  previous  presentations  or  publications  of  the  same  or  similar  work 

e.  Two  true/false  questions  with  answers 

f.  Other  information  required  by  funding  sources 

Camera-ready  copy  (without  author  identification)  for  review  by  the  committee 
Camera-ready  original  (with  author  identification)  for  possible  publication 
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Abstracts  ^Poster 

PRESENmTIONS 

Research  Abstracts 

Type  abstract  double-spaced  on  plain  white  paper  with  one-inch  margins.  The  abstract  should 
be  written  as  a  single  paragraph  and  limited  to  300  words.  The  research  abstract  should  include 
the  following: 

a.  Title  of  paper 

b.  Brief  description  of  work 

c.  Brief  statement  of  methodology  and  findings 

d.  Conclusions 

e.  Two  true/false  questions  with  answers 

A  maximum  of  two  pages  of  camera-ready  charts  and  tables  may  be  attached  to  aid  in  the 
selection  of  the  abstract. 

Poster  Presentations 

Type  abstract  double-spaced  on  plain  white  paper  with  one-inch  margins.  The  abstract  should 
be  written  as  a  single  paragraph  and  limited  to  1  50  words.  The  poster  presentation  abstract 
should  include  the  following: 

a.  Title  of  paper 

b.  Brief  description  of  the  model,  method,  or  material 

c.  Brief  statement  of  how  it  was  developed  and  implemented 

d.  Brief  statement  of  how  it  was  evaluated  or  judged  to  be  of  unique  value 

e.  Recommendations  for  future  application 

f.  Two  true/false  questions  witii  answers 

On  a  separate  sheet,  describe  how  the  information  will  be  visually  presented  at  the  conference. 

Each  manuscript  should  be  double-checked  for  completeness  and  accuracy  before  it  is 
submitted. 

Spell  out  terms  used  for  the  first  time,  followed  by  abbreviations  in  parentheses,  e.g.,  norm- 
referenced  testing  (NRT).  Thereafter,  the  term  may  be  abbreviated  throughout. 

Please  send  the  abstract  and  cover  sheet  to: 

Pat  Munzer,  MS,  RRT,  Program  Director 

Respiratory  Therapy 

Washburn  University 

1 700  College 

Topeka,  KS  66621 
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Introduction 

The  application  of  positive  airway  pressure  at  end  exiia- 
lation,  in  conjunction  with  positi\e  pressure  ventilation,  is 
icnown  as  positive  end-e\pirator>  pressure  (PEEP)  therapy.' 
When  positive  pressure  is  applied  in  conjunction  with  spon- 
taneous ventilation,  the  term  continuous  positive  aii-way  pres- 
sure (CPAP)  is  used.- '  Positive  end-expiratoiy  pressure  is  most 
often  applied  to  patients  with  acute  restrictive  lung  pathol- 
ogy to  improve  oxygenation  and  lung  function.  This  applies 
to  adults,  children,  and  infants  (acute  lung  injury.  ALI:  or  the 
acute  respiratory  distress  syndrome.  ARDS I  and  to  neonates 
(respiratory  distress  syndrome.  RDS). 


Dr  Peruzzi  is  Medical  Director.  Respiratory  Care  Services.  Norttiweslern 
Memorial  Hospital.  Chicago.  Illinois. 

.\  version  of  this  paper  was  presented  by  Dr  Peruzzi  during  the  RESPI- 
RATORY Care  Journal  Conference.  Mechanical  Ventilation:  Ventilatory 
Techniques.  Pharmacology,  and  Patient  Management  Strategies,  held 
October  6-8.  199.'i.  in  CanciJn.  Mexico. 

Reprints:  William  T  Peruzzi  MD.  Medical  Director.  Respiratory  Care 
Services,  Northwestern  Memorial  Hospital.  250  E  Superior  Street. 
Wesley  Pavilion.  Suite  67S.  Chicago  IL  6l)fil  1. 


PEEP  can  be  applied  with  devices  that  impede  expiratoi^ 
flow,  such  as  flow  resistors  that  allow  adjustment  of  expiratory 
pressure  by  modification  of  orifice  size,  and  threshold  resis- 
tors. \v hich  may  be  gra\  ity  dependent  ( v\  ater  column )  or  grav- 
ity independent  (eg.  spring-loaded  or  mushroom-type  ven- 
tilator exhalation  valves  with  balloons  or  diaphragms).  The 
technical  aspects  of  PEEP  devices  are  beyond  the  scope  of 
this  article,  but  this  topic  has  been  reviewed  and  summarized 
elsewhere.'* "'  including  the  two  issues  of  this  Journal  that 
emanated  from  the  RESPIRATORY  C.\RE  Journal  Conference 
"Positive  End-Expiratoiy  Pressure." 

hi  this  paper,  I  review  the  cunent  status  of  PEEP  with  regard 
to  the  effects  on  alveolar  reciiiitment  and  king  v  olumes.  asso- 
ciated hemodynamic  effects,  effects  on  the  outcome  of  acute 
pulmonary  disease,  secondary  humoial  and  endocrinologic 
effects,  and  associated  complications. 

Historical  Perspective 

The  use  of  PEEP,  as  it  is  currently  recognized,  began  v\  ith 
the  description  of  the  adult  respiratoiy  distress  syndrome  by 
Ashbaugh.  Petty,  and  co-workers  between  1967  and  1969.'"  " 
The  application  of  PEEP  was  expanded  by  Gregory  et  al '-  in 
1970  to  include  spontaneously  breathing  neonates  with  hya- 
line membrane  disease.  The  goal-directed  titration  of  PEEP 
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in  patients  with  severe  ARDS  was  described  by  Kirby.  Downs. 
Ci\etta,  and  co-workers  in  1975."  These  authors  described 
key  treatment  principles  with  end  points  that  included  arte- 
rial oxygenation  (P;i{);).  inspired  oxygen  concentration  (FioO. 
physiologic  shunt  fraction  (Q,p/Qto,).  and  hemodynamic  sta- 
bility. This  approach,  which  t'cx;used  on  the  reduction  ot'QyQ„,i 
as  an  end  point  with  the  intent  to  avoid  oxygen  toxicit> .  w  as 
termed  -optimar"  PEEP.'^  Other  approaches  to  the  titration 
of  PEEP  with  different  physiologic  end  points  were  also 
advanced.  These  included  the  ""best"  PEEP  approach,  which 
emphasized  static  lung  compliance  as  the  primary  end  point 
with  attention  to  maximizing  oxygen  transport  and  minimizing 
dead-space  ventilation. '^  Walkinshaw  and  .Shoemaker'^ 
advanced  the  concept  of  "preferred"  PEEP,  which  is  that  PEEP 
level  associated  with  maximal  oxygen  consumption  (Vq;). 
Titration  of  PEEP  by  monitoring  the  Paco:  -  Pktco:  differ- 
ence as  an  indicator  of  dead-space  ventilation  was  advocated 
as  a  way  by  which  to  determine  "appropriate"  PEEP.''  Per- 
haps the  most  current  and  popular  approach  to  PEEP  therapy 
is  that  of  "least"  PEEP,  which  advocates  the  use  of  the  low- 
est level  of  PEEP  necessary  to  maintain  a  P.,(  >,  of  60  torr  with 
an  Fio;  <  0.5  and  an  adequate  cardiac  output  (C.O.)."^ '''  This 
approach  has  been  asst)ciated  with  less  barotrauma  and  hemo- 
dynamic embarrassment  when  compared  with  other  strate- 
gies that  have  focused  on  Qsp/Qun  reduction  to  <  \57c  with 
increasing  PEEP  levels.  The  current  emphasis  for  the  ventilatory 
management  of  ARDS  is  focused  on  the  a\'oidance  of  \  olii- 
trauma.  or  ventilator-induced  lung  injury  secondary  to  ahe- 
olar  overdistention.-"  This  has  provided  new  ideas  and  gen- 
erated new  controversies  concerning  the  optimal  modes  ot 
ventilatory  support  to  be  used  in  this  clinical  setting,  but  the 
titration  of  PEEP  remains  an  integral  part  of  ventilator  man- 
agement strategy. 

I'uimonary  Effects  of  PEEP 

The  application  of  PEEP  to  the  lung  affected  by  acute 
parenchymal  restrictive  processes  results  in  several  impor- 
tant changes  in  the  pulmonary  system.  It  has  been  well  doc- 
umented that  application  of  PEEP  in  such  circumstances 
improves  oxygenation,  increases  functional  residual  capac- 
ity (FRC).  decreases  OVQi„i.  and  impro\es  lung  compliance. 
The  mechanisms  by  which  these  effects  occur  are  several. 

Increased  Alveolar  Volumes 

That  aheolar  \ uliuncs  mcrease  progressively  as  PEEP  is 
increased  from  0  to  1  .'s  cm  H2O  has  been  demonstrated  with 
light-incident  photomicrt)scop\  in  nomuil  rat  lungs  in  the  study 
by  Daly  et  al.-'  In  that  study.  ( 1 )  alveolar  diameters  increased 
linearly  as  PEEP  was  increased  from  0  to  10  cm  H:0:  (2) 
end-expiratory  alveoku'  diameters  increased  to  a  greater  degree 
than  end-inspiratory  diameters;  (3)  increases  in  alveolar  diam- 
eter progressively  diminished  with  levels  of  PEEP  above  10 


cm  H2O  PEEP  and  plaleaued  at  approximately  15  cm  H:0 
PEEP:  (4)  beyond  15  cm  H^O  PEEP,  alveolar  pressure  in- 
creased without  a  measurable  increase  in  ah eolar  diameters. 
Thus,  it  is  apparent  that  there  are  upper  limits  to  the  disten- 
sibility  of  normal  alveoli  and  that,  within  tliese  limits,  the  appli- 
cation of  PEEP  can  increase  FRC  simpl\  by  increasing  alve- 
olar size  (.Fig.  I ). 


-10, 


Fig.  1 .  Increasing  alveolar  volumes  with  10  and  20  cm  HjO  PEEP. 
Black  arrows  represent  elastic  forces;  white  arrows  represent  dis- 
tending forces.  (Reproduced,  with  permission,  from  Reference  1.) 


Redistribution  of  Lung  Water 

The  application  of  PEEP  to  patients  w  iih  either  cardiogenic 
or  noncardiogenic  pulmonary  edema  improves  oxygenation 
and  pulmonary  mechanics  largely  because  of  the  effects  on 
the  distribution  of  lung  water.  It  has  been  established,  how- 
ever, that  PEEP  does  not  decrease  total  lung  water;--'  rather, 
it  appears  that  PEEP  directly  increases  the  accumulation  of 
cxtra\  ascular  king  water.-"*  -"  The  application  of  PEEP  to  the 
edematous  lung  decreases  intra-alveolar  fluid  volume,  increases 
interstitial  lung  water,  and  facilitates  the  movement  of  water 
trom  the  less  compliant  interstitial  spaces  where  gas  exchange 
occurs  (between  the  alveolar  epithelium  and  pulmonary  cap- 
illarv  endothelium)  to  the  more  compliant  interstitial  spaces 
(pcnbronchial  and  hilar  regions).-"^"  The  mechanism  by  which 
the  application  of  PEEP  brings  about  these  changes  involves 
immediate  increases  in  alveolai'  and  pulmonai7  vascular  pres- 
sures w  ithout  immediate  important  cftects  on  interstitial  pres- 
sures. The  increased  pressure  gradient  that  occurs  increases 
transduction  of  water  into  the  interstitium  of  the  lung.  This 
redistribution  of  interstitial  water,  which  is  illustrated  in  Fig- 
ure 2.  improves  oxygenation,  lung  compliance,  and  ventilation- 
pcrfiision  matching  when  applied  in  either  cardiogenic  or  non- 
cardiogenic pulmonary  edema. 

.Alveolar  Recruitment 

Alveolar  recruitment  is  a  term  commonly  used  to  refer  to 
an  increase  in  FRC  secondary  to  inflation  of  previously  col- 
lapsed alveoli.'"""  This  phenomenon  occurs  when  PEEP  is 
applied  to  lungs  with  appropriate  pathology  and  plays  an 
important  role  in  restoring  the  FRC  and  bringing  about  the 
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Fig.  2.   Redistribution  of  extravascular  lung  water  with  PEEP. 
(Reproduced,  with  permission,  from  Reference  1  ) 


other  beneficial  effect.s  of  PEEP.'-  Studies  of  the  effects  of 
PEEP  on  \  oluine-pressure  ( V-P)  curves  during  ARDS  ha%e 
demonstrated  an  inflection  point  that  is  thought  to  represent 
the  critical  pressure  necessary  to  reopen,  or  recruit,  closed 
peripheral  airways  and/or  collapsed  alveolar  units.''"  The 
phenomenon  of  alveolar  recruitment  with  PEEP  in  ARDS 
has  been  studied  recently  in  a  more  \isually  direct  and  quan- 
tifiable fashion  by  Gattinoni  and  co-workers.*  These  in\  es- 
tigators  have  used  computed  tomography  (CT)  scanning  tech- 
niques to  con'elate  the  physiologic  changes  obsersed  in  vol- 
ume-pressure relationships  with  morphologic  changes  noted 
on  CT  scans  in  ARDS  patients  during  PEEP  therapy."  Using 
this  technique,  they  ha\  e  been  able  to  calculate  regional  gas- 
tissue  ratios  (g/t)  during  titration  of  PEEP  (Fig.  3)'^  and  to 
determine  which  regions  of  the  lung  inflate  without  recruit- 
ment, which  inflate  with  recruitment,  and  which  do  not  inflate 
at  all.  Plots  of  the  g/t  at  \  arious  PEEP  le\  els  demonstrate  three 
different  characteristic  curves  that  correspond  to  different 
types  of  lung  pathology  and  responses  to  PEEP  (Fig.  4).  Fig- 
ure 4-A  demonstrates  a  linear  increase  in  g/t  in  response  to 
PEEP  titration  that  is  consistent  with  progressive  increases 
in  alveolar  size.  Figure  4-B  demonstrates  a  classic  inflection 
point  (Ptie.x)  in  the  g/t  curve,  at  a  critical  PEEP  level,  which 
is  consistent  with  alveolar  recruitment.  Figure  4-C  demon- 
strates no  increase  in  g/t  w  ith  increasing  PEEP,  which  indi- 
cates no  additional  lung  intlation  and  is  consistent  w  ith  a  con- 
solidative  process. 

The  response  to  PEEP  titration  varies  not  only  w  ith  the 
type  of  lung  pathology  but  also  w  ith  the  region  of  lung  stud- 
ied. Figure  5  demonstrates  that  more  dependent  lung  regions 
undergo  greater  degrees  of  aheolar  recruitment,  less  depen- 
dent lung  regions  tend  to  experience  greater  increases  in  ah  e- 
olar  \olume  without  recruitment,  and  regions  of  lung  that  are 
not  responsi\e  to  PEEP  (consolidated)  are  distributed  through- 
out the  lung.  It  is  interesting  to  note  that  in  the  study  of  Gat- 
tinoni et  al '"  w  hen  the  type  of  PEEP  responsiveness  was  com- 
pared w  ith  mortality,  it  became  e\  ident  that  those  patients 
demonstrating  a  more  linear  g/t  PEEP-rcsponse  (aheolar 
expansion)  had  a  better  sur\  i\al  rate  than  those  demonstrating 
abiphasic  response  (alveolar  recruitment)  (71  ±4.5%  vs  47 


±  5. 1%.  p  <  (J. 01 ).  This  result  might  be  anticipated  because 
the  degree  of  lung  pathology  is  certainly  more  severe,  and 
the  underlying  general  pathophysiology  is  \  er\  likely  worse 
in  the  latter  group. 
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Fig.  3.  Diagrammatic  representation  of  computed  tomographic 
scans  of  lungs  with  ARDS.  The  distance  between  the  dorsal  and 
ventral  surface  is  divided  into  10  equal  lung  levels.  Each  lung  level 
comprises  300-500  volume  elements  that  are  the  basic  units  of 
computed  tomographic  reconstruction  (voxels).  Scanning  and  divi- 
sion into  lung  levels  is  repeated  at  each  positive  end-expiratory 
pressure  (PEEP)  level.  The  gas-tissue  ratio  (g/t)  of  each  level  rep- 
resents the  average  g/t  of  all  the  voxels  composing  that  level. 
(Reproduced,  with  permission,  from  Reference  38.) 
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Fig.  4.  Curves  of  gas-tissue  ratios  (g/t)  at  various  PEEP  levels  as 
determined  by  computed  tomographic  scanning.  A:  linear  g/t  curve 
indicative  of  alveolar  expansion;  B:  biphasic  g/t  curve  with  classic 
inflection  point  (Pne,)  indicative  of  alveolar  recruitment;  C:  insignifi- 
cant or  unchanging  g/t  curve  indicative  of  alveolar  consolidation. 
(Reproduced,  with  permission,  from  Reference  38.) 
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Fig.  5.  The  distribution  of  the  various  responses  to  positive  end-ex- 
piratory pressure  (PEEP)  according  to  lung  level  as  determined  by 
computed  tomography  scanning.  g/t-P  =  gas-tissue  ratio  PEEP 
curve. ■  =  linear  g/t-P  curve:  „.  =  biphasic  g/t-P  curve:  □  =  in- 
significant g/t-P  curve.  (Reproduced,  with  permission,  from  Refer- 
ence 38.) 


Alv  eolar  collapse  and  recruitment  also  occur  during  nor- 
mal tidal  ventilation.  Gatlinoni  el  aP"  also  used  CT  scanning 
methods  to  delineate  the  effects  of  PEEP  on  the  distribution 
of  ventilation  and  alveolar  recruitment  during  tidal  ventila- 
tion. These  authors  confirmed  radiographically  that  the  appli- 
cation of  PEEP  to  ARDS-affected  lungs  results  in  a  redis- 
tribution of  tidal  ventilation  from  the  less  dependent  (upper) 
regions  of  lung  to  the  more  dependent  (lower)  regions  of  the 
lung.  They  also  demonstrated  that  the  application  of  PEEP 
in  such  clinical  circumstances  reduces  the  cyclic  alveolar  col- 
lapse and  recruitment  that  occurs  with  normal  tidal  ventila- 
tion, primarily  in  the  middle  lung  fields.  It  is  interesting  to 
note  that  the  plateau  pressures  that  were  required  to  reopen 
or  recruit  collapsed  middle  lung  regions  during  tidal  venti- 
lation were  found  to  be  lower  than  would  be  expected  if  true 
ah  eolar  collapse  were  occurring.  In  light  of  the  fact  that  the 
radiographic  criteria  for  collapsed  lung  permit  inclusion  of 
lung  regions  that  could  be  up  to  1 0%  occupied  by  gas,  these 
middle  regions  of  lung  could  possibly  be  undergoing  recruit- 
ment piuily  due  to  re-e\pansion  of  collapsed  alveoli  and  p;ully 
due  to  reopening  of  collapsed  small  airways.  These  data  pro- 
vide some  evidence  to  support  the  purported  effects  of  PEEP 
on  closing  volumes.^" 

Patients  with  ARDS  who  require  mechanical  ventilation 
and  PEEP  therapy  are  often  sedated  and  pharmacologically 
paralyzed  in  order  to  facilitate  respiratory  support.  Decisions 
conceming  the  need  for  sedation  and  paralysis  are  usually  based 
on  general  clinical  criteria.  There  is  now  evidence,  obtained 
from  experiments  on  normal  volunteers,  that  the  beneficial 
effects  of  PEEP  on  lung  volumes  are  compromised  signifi- 
cantly by  the  hyperpnea  that  often  accompanies  the  clinical 
syndromes  requiring  such  support.^'  Thus,  appropriate  seda- 
tion and  neiMomuscular  blockade  should  alw as  s  be  consid- 


ered when  planning  the  ventilatory  management  of  patients 
requiring  more  than  minimal  PEEP  therapy. 

The  critical  PEEP  level  necessary  for  alveolar  recruitment 
may  vary  depending  upon  several  considerations  including 
the  degree  of  lung  pathology,  the  region  of  lung  with  PEEP- 
responsive  pathology,  and  the  patient's  state  of  conscious- 
ness and  neuromuscular  blockade. 

Cardiovascular  Effects  of  PEEP 

The  cardiovascular  effects  of  PEEP  are  attributable  to  sev- 
eral mechanisms.  The  primary  mechanisms  are  mechanical 
and  include  decreased  venous  return  to  the  heart,  right-ven- 
tricular (RV)  dysfunction,  and  alterations  in  left-ventricular 
(LV)  function. 

Decreased  Venous  Return 

PEEP  increases  the  mean  airway  pressure  ;md,  consequently, 
the  pleural,  mediastinal,  and  periciudial  pressures.  It  has  been 
known  for  soine  time  that  this  general  increase  in  intratho- 
racic pressure  results  in  inci^ased  impedance  to  systemic  venous 
return  and  is  a  major  factor  in  the  reduction  in  cardiac  out- 
put associated  with  PEEP.^- ""  It  has  also  been  demonstrated 
that  preload  augmentation  can  offset  the.se  effects,  restore  sU'oke 
\()lume.  and  normalize  cardiac  output.-"  More  recent  stud- 
ies utilizing  viirious  new  technologic  methixls  have  been  applied 
to  further  investigate  and  conlirm  these  data. 

Magnetic  resonance  imaging  has  been  used  in  normal  vol- 
unteers to  study  the  effects  of  positive  pressure  ventilation 
and  the  application  of  PEEP  on  the  heart.""  This  study  revealed 
important  configurational  changes  of  the  heart  in  the  chest 
and  changes  in  the  sizes  of  all  cardiac  chambers  in  associa- 
tion with  positive  pressure  ventilation  and  PEEP  therapy  (Fig. 
6).  Atrial  voluines  progressively  decreased  with  increased 
PEEP,  as  did  ventricular  end-diastolic  \  (ilumes  and  stroke  vol- 
umes. These  findings  are  consistent  with  decreased  venous 
return  due  to  cardiac  compression  by  the  increasingly  expanded 
lungs.  It  is  untortunate  that  the  study  design  did  not  separate 
the  effects  of  positive  pressure  ventilation  and  the  titration 
of  PEEP:  therefore,  a  combination  of  factors  may  well  be 
responsible  for  the  findings  noted. 

Two-dimensional  Doppler  echociudiography  has  also  been 
used  to  assess  variables  that  help  define  the  mechanisms  by 
which  cardiac  function  is  affected  by  PEEP  therapy.  Incre- 
mental titration  of  PEEP  from  0  to  1 2.5  cm  H^O  revealed  a 
progressive  decrease  in  end-diastolic  volume  index  and  car- 
diac index,  but  other  indicators  of  ventricuku-  function  remained 
nonnal.^"  This  pro\  ides  further  substantiation  that  decreased 
venous  return  is  the  primary  factor  responsible  for  decreased 
cardiac  function  induced  by  PEEP  levels  <  15  cm  H2O. 

Cardiac  function  during  PEEP  has  also  been  assessed  with 
pulmonary  artery  catheterization  employing  advanced  ther- 
mcxlilution  cardiac  output  methtxls.  Such  meth(xls  utilize  rapid- 
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response  thermistors  that  permit  the  assessment  of  beat-to- 
beat  changes  in  intracardiac  temperature  and  allow  the  cal- 
culation of  RV  ejection  fraction  and  other  \  ariahles  during 
cardiac  output  determinations.  Studies  utilizing  this  technology 
have  demonstrated  variable  results;  however,  a  decrease  in 


RV  end-diastolic  volume  (RVEDV)  consistent  with  decreased 
ventricular  preload  has  been  noted  during  titration  of  PEEP 
from  0  to  1 5  cm  H:0/^-'s 


Right-Ventricular  Dysfunction 


Fig,  6.  Magnetic  resonance  Images  of  the  chest.  The  scan  was 
taken  at  mid-diastole  dunng  spontaneous  ventilation  (top)  and  dur- 
ing positive  pressure  ventilation  (bottom).  The  transverse-oblique 
chest  diameter  (di)  remained  nearly  unchanged.  There  are 
marked  changes  in  the  sagittal-oblique  chest  diameter  (d2),  in  the 
length  of  contact  between  the  heart  and  the  anterior  chest  wall  (c), 
and  in  the  angle  between  the  sagittal  plane  and  the  interventricular 
septum  (curved  arrow).  (Reproduced,  with  permission,  from 
Reference  45.) 


Many  studies."*^"^"  regardless  of  the  methods  used,  demon- 
strate no  clinically  important  impairment  of  RV  function  with 
PEEP  levels  <  15  cm  H:0.  With  higher  le\els  of  PEEP,  espe- 
cially when  applied  to  normal  lungs,  there  is  evidence  that 
RV  afterload  increases  significantly  and  causes  increases  in 
RVEDV  with  a  subsequent  reduction  in  stroke  volume.''''-''" 
These  observations  have  been  further  substantiated  by  the 
advanced  thermodilution  cardiac  output  methods.'*'*  Figure 
7  demonstrates  the  relationship  between  RV  peak-systolic 
pressure  and  RV  end-systolic  volume  index  (RVESVI)  as 
PEEP  is  increased  from  0  to  20  cm  HiO.  RV  function  is  not 
impaired  until  the  PEEP  level  exceeds  15  cm  H2O:  but  at  20 
cm  H2O  of  PEEP,  RV  function  begins  to  fall.  However,  in 
patients  with  underlying  RV  dysfunction,  even  small  amounts 
of  PEEP  have  the  potential  to  cause  important  changes  in 
RVEDV  and  RVEF.^' 
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Fig.  7.  Plots  of  right  ventncular  peak-systolic  pressure  (RVPSP) 
versus  right  ventncular  end-systolic  volume  index  (RVESVI)  during 
titration  of  positive  end-expiratory  pressure  (PEEP)  levels.  RVPSP 
increases  linearly  with  increases  in  RVESVI  as  PEEP  is  increased 
up  to  15  cm  H2O.  thus,  indicating  no  change  in  contractility.  At 
PEEP  levels  >  15  cm  H2O,  the  slope  of  the  RVPSP-RVESVI  curve 
falls  indicating  a  decrease  in  contractility,  (Reproduced,  with  per- 
mission, from  Reference  47.) 


Altered  Left-Ventricular  Function 

In  addition  to  effects  on  venous  return  and  RV  function, 
evidence  suggests  that  PEEP  also  has  important  effects  on  '.V 


Respiratory  Care  •  April  '96  Vol  4 1  No  4 


277 


Current  Status  of  peep 


function."  The  application  of  PEEP  to  the  lungs  increases  RV 
atteiioad  due  to  increased  pulmonary  vascular  resistance.  This 
results  in  RV  dilation,  which  serves  to  maintain  a  constant 
stroke  volume.  This  RV  dilation  alters  the  geometric  configu- 
ration of  the  heart  and  results  in  a  leftward  displacement  of 
the  intraventricular  septum.  The  septal  shift  encroaches  upon 
the  LV  end-diastolic  capacity  and  results  in  a  dimmished  LV 
stroke  volume.  Recent  combined  themiodilution  and  echociir- 
diographic  studies  have  substantiated  earlier  findings.'''  One 
study''  using  two-dimensional  Doppler  echocardiography  has 
failed  to  demonstrate  this  RV  and  LV  interaction:  however, 
this  may  be  a  function  of  the  level  of  PEEP  (<  15  cm  H2O) 
used  in  the  study.  Intravascular  volume  expansion  can  restore 
normal  LV  stroke  volume  by  re-establishing  normal  LV  end- 
diastolic  capacity.''-' 

Decreased  distensibility  of  the  left  ventricle  during  PEEP 
therapy  also  appears  to  be  directly  related  to  the  transmission 
of  elevated  pressures  to  the  heart  from  the  lung.  Evidence  for 
this  has  been  generated  with  magnetic  resonance  imaging, 
which  demonstrated  extrinsic  cardiac  compression  with  the 
application  of  PEEP  to  normal  lungs.^''  In  addition,  animal 
studies  have  shown  that  physically  separating  the  lungs  from 
the  heart  abolishes  the  adverse  effects  of  PEEP  therapy  on 
LV  end-diastolic  volume.'"  Thus,  the  major  mechanisms 
responsible  kn  adverse  alterations  in  LV  distensibility  appear 
to  be  ventricular  septal  shifting  and  cardiac  compression. 

In  patients  with  underlying  LV  dysfunction  and  elevated 
filling  pressures.  PEEP  may  improve  cardiac  function  by 
improving  coronary  arterial  oxygen  content  and  augmenting 
systolic  conu-action  or  by  reducing  \'enous  return."'^  The  reduc- 
tion in  venous  return  may  actually  produce  a  salutary  effect 
by  shifting  the  end-diastolic  volumes  to  a  position  on  the  Star- 
ling cur\'e  associated  with  impnned  m\ocarilial  function. 

Other  Effects  of  PEEP 

Possible  Humoral  &  Established  .Viiatomie  Effects 

Several  other  cardiovascular  effects  of  PEEP  have  been 
reported.  PEEP  applied  to  one  of  two  cross-circulated  dogs 
resulted  in  reduction  of  cardiac  output  in  both  animals.'^*  This 
and  similar  evidence  has  led  to  the  hspothesis  that  negaii\e 
inotropic  humoral  factors  aie  released  by  the  lung  when  PEEP 
is  applied.""*  Precisely  what  these  humoral  factors  might  be 
is  yet  to  be  determined 

The  lack  of  response  (impro\ement  ni  oxsgenation  or 
Qvp/Qidi)  may  indicate  lung  pathology  not  responsive  to  PEEP. 
but  it  may  also  indicate  adverse  cardiac  effects  of  PEEP.  It 
has  been  demonsuated.  using  contrast  Uanscsophageal  echociu- 
diography.  that  patients  with  a  patent  foramen  ovale  (PFO) 
may  not  respond  to  PEEP  therapy  because  of  increased 
anatomic  right-to-left  shunting  w  ith  the  application  of  PEEP 
to  the  lungs.'*''  In  light  of  the  high  incidence  of  PFO  in  the  gen- 
era! population  i20-M'r  ).'*'  this  phenomenon  should  be  con- 


sidered whenever  PEEP  theraps  does  not  produce  the  exiiected 
response.  The  cardiopulmonary  effects  of  PEEP  are  known 
to  occur  within  several  minutes;  howe\er.  precisely  how  long 
it  is  necessary  to  wait  to  measure  the  \ariables  of  concern  fol- 
lowing a  PEEP  change  had  not  been  documented  until  recently. 
It  has  now  been  shown  that  the  greatest  change  in  cardio- 
pulmonary function  occurs  w  ithin  the  first  minute  follow  ing 
a  change  in  PEEP  level  and  that  no  further  changes  in  oxy- 
gen delivery  occur  after  15  minutes.'''  This  suggests  that  re- 
assessments of  cardiopulmonar>  function  following  PEEP 
changes  should  be  made  at  1 5  minutes. 

Endocrinologic  Effects 

It  has  been  know  n  for  some  time  that  positive  pressure  ven- 
tilation and  PEEP  therapy  induce  an  antidiuresis  and  anti- 
natriuresis.*'-  The  mechanism  by  which  this  occurs  has  been 
investigated  in  \arious  ways.  The  etiology  of  these  effects 
appears  to  be  multifactorial,  involving  both  hemodynamic  per- 
turbations (reduction  in  preload  and  cardiac  output)  and 
endocrinologic  processes. 

The  neuroendocrine  processes  that  affect  renal  function 
in\i)lve  several  hormonal  systems.  The  sympathetic  nervous 
system  affects  renal  function  through  regulation  of  the  renin- 
angiotensin-aldosterone  pathway.  Other  hormones  that  reg- 
ulate water  and  electrolyte  metabolism  include  arginine  vaso- 
pressin, or  AVP  (also  known  as  antidiuretic  homione.  or  ADH). 
atrial  natriuretic  peptide  (ANP).  and  brain  natnuretic  peptide 
(BNP).  All  of  these  neuroendocrine  pathways  interact  to  main- 
tain fluid  and  electrolyte  homeostasis.  The  application  of  PEEP 
alters  these  pathways  at  various  points  and  results  in  per- 
turbations of  fluid  and  electrolyte  balance. 

High  svmpalhetic  tone  resulting  in  iiicreasetl  plasma  renin 
activity  (PRA)  appears  to  be  a  major  tactor  in  the  sodium  and 
water  retention  noted  with  positive  pressure  ventilation  and 
PEEP  therapy."'  The  increased  PRA  activates  the  rcnin- 
angiotensin-aldosterone  cascade  and  results  in  antinatriure- 
sis  and  antidiuresis.  There  is  preliminary  evidence  that  increased 
renal  prostaglandin  s\nlhesis  tends  to  offset  renal  vasocon- 
striction and  counterbalance  the  antidiuretic  and  antinatriuretic 
effects  of  increased  sympathetic  tone;  however,  the  level  ot 
prostaglandin  increase  does  not  apix'ar  sufficient  to  ci>mpletely 
counteract  the  effects  in  question. "-* 

ADH  is  an  important  factor  in  the  regulation  of  water 
metabolism.  The  primary  determinant  of  .ADH  release  is 
plasma  osmolalitv;  however,  there  are  manv  nonosmolic 
factors  that  influence  .ADH  release  as  well.  These  factors 
include  blood  pressure,  nausea,  vomiting,  and  various  drugs 
(eg.  narcotics  and  nonsteroidal  anti-innammatorv  agents). 
The  cardiovascular  effects  of  PEEP  therapv  tend  to  acti- 
vate the  hemodv  namic  regulatorv  mechanisms  of  ADH 
release."-'  This  lowers  the  threshold  for  ADH  release  at  any 
given  plasma  osmolalitv.  increases  ADH  secretion,  and 
results  111  w  ater  retention. 
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ANP  and  BNP  pla)  an  impoilanl  role  in  the  regulation  of 
water  and  sodium  balance.  Both  of  these  substances  promote 
diuresis  and  natiiiiresis.  ANP  is  produced  in  and  released  from 
atrial  myocytes;  release  is  stimulated  pnmanly  by  atrial  sU'etch- 
jfig  65,66  3jvjp  yyjjj  originally  isolated  from  porcine  brain:  how- 
ever, it  is  produced  and  released  primarily  from  the  \entri- 
cle  of  the  heart."'  Application  of  PEEP  to  postoperati\  e  patients 
has  been  demonstrated  to  decrease  the  levels  of  ANP  and  BNP 
and  the  levels  of  cyclic  guanosine  monophosphate,  the  sec- 
ondary messenger  of  these  hormones.  Stepwise  increases  in 
PEEP  applied  to  patients  in  acute  respiratory  failure  have 
demonstrated  a  decrease  in  ANP  le\els  u hen  PEEP  levels  reach 
and  exceed  10  cm  H:0.'^^  In  light  of  the  facts  that  PEEP  has 
been  demonstrated  to  result  in  a  decrease  in  cardiac  size  and 
that  these  hormones  are  released  in  response  to  distention  of 
the  cardiac  chambers,  it  is  logical  that  PEEP  therapy  v\  ould 
affect  these  homional  systems  in  this  fashion  and  result  in  anti- 
natriuresis  and  antidiuresis. 

PEEP  Management  Strategies:  Low  vs  High  PEEP 

One  must  consider  two  aspects  when  discussing  PEEP  man- 
agement strategies:  ( I )  the  definition  of  high  versus  low  PEEP 
and  (2)  the  detemiination  of  differences  in  outcome.  The  dif- 
ferentiation between  high  and  low  PEEP  is  controversial  and 
variable  depending  upon  the  clinical  situation.  In  addition, 
the  definition  and  measurement  of  outcome  present  many  debat- 
able options. 

In  the  neonatal  population,  PEEP  levels  of  3-6  cm  H:0 
have  been  demonstrated  to  consistently  improve  oxygena- 
tion without  impainiient  of  Ciubon  dioxide  excretion  or  hemo- 
dynamic stability.^''  However,  other  studies  in  this  same  patient 
population  have  looked  at  changes  in  tidal  volume  and  car- 
bon dioxide  excretion  as  outcome  end  points  and  have  indi- 
cated that  PEEP  levels  of  2.5-3.5  cm  H2O  may  be  preferable 
to  PEEP  levels  of  4-6  cm  H^O.^"  A  prospective,  randomized 
study  in  newborn  infants  requiring  extracorporeal  membrane 
oxygenation  (ECMO)  due  to  respiratory  failure  looked  at  the 
effects  of  low  (3-5  cm  H2O)  versus  high  ( 12-14  cm  H2O)  PEEP 
levels  on  lung  function  and  recovery  time."'  The  authors 
demonstrated  that  high  PEEP  levels  prevented  deterioration 
in  lung  function  during  ECMO  and  resulted  in  more  rapid 
recovery  and  discontinuation  of  ECMO  support  than  the  use 
of  low  PEEP  levels  (mean  [SD]  for  high  PEEP:  97.4  |36.3| 
hours,  low  PEEP:  131.8  [34.5]  hours:  p  <  0.01 ).  It  is  stud- 
ies such  as  this  that  provide  the  most  pertinent  information 
in  this  debate. 

PEEP  management  strategies  have  not  been  well  studied 
in  the  ARDS  patient  population.  Although  it  is  clear  that  PEEP 
therapy  during  ARDS  impacts  oxygenation  and  lung  func- 
tion in  a  positive  fashion,  randomized  suidies  with  well-defined 
outcome  variables  have  not  been  undertaken,  to  date.  Two 
retrospective  studies  have  attempted  to  address  the  effects  of 
high  PEEP  levels  (>  1 5  cm  HiO)  on  physiologic  function,  com- 


plications, and  mortalitv  in  .^RDS.'-^'  Both  of  these  studies 
were  published  by  the  same  group  and  utilized  a  consistent 
management  siv  le  in  which  PEEP  was  titrated  to  maintain  a 
Qsf/Qu)[  <  0--  i'lid  an  Fio:  <  0.5.  They  compai'ed  mortalitv  rate 
with  historical  controls  and  concluded  that  survival  was 
improved  in  their  high  PEEP  population  (PEEP  range  15-50 
cm  HjO).  In  addition,  they  found  that  the  barotrauma  noted 
was  mostly  related  to  initial  traumatic  injuries  and  that  appro- 
priate attention  to  hemodynamic  monitoring  and  support 
resulted  in  mmimal  PEEP  effects  on  cardiovascular  status. 
The  authors  indicate  that  they  are  cunently  involved  in  a 
prospective,  multicenter,  randomized  trial  of  different  PEEP 
management  strategies  to  further  determine  the  role  of  PEEP 
in  patient  outcome  and  resource  utilization. 

The  lev  el  of  PEEP  that  should  be  considered  low  versus 
high  should  not  he  based  upon  :ubilr;uy  assignment  of  numeric 
values;  rather,  this  concept  should  be  based  upon  the  phys- 
iologic effects  that  the  therapy  produces.  PEEP  levels  that  pri- 
marily result  in  increases  in  alveolar  size  and  carry  little  in 
the  way  of  hemodynamic  effects  should  be  considered  low 
PEEP.  In  the  adult  patient  population,  this  would  be  PEEP 
levels  of  up  to  15  cm  H^O  (Fig.  7).^'  PEEP  levels  that  result 
in  a  significant  amount  of  alveolai"  recruitment  and  that  affect 
hemodynamic  function  should  be  considered  high  PEEP.  The 
absolute  values  as  applied  to  the  pediatric  population  are  less 
well  defined  because  of  the  variability  in  patient  size:  how- 
ever, the  concept  remains  valid  and  applicable. 

In  Conclusion 

A  great  deal  of  controversy  and  conflicting  data  exist  per- 
taining to  both  the  positive  and  negative  effects  of  PEEP  ther- 
apy. Reasons  for  this  include  such  things  as  variations  in  the 
responses  of  animal  versus  human  subjects  to  therapeutic  inter- 
ventions, differences  in  the  effects  of  PEEP  in  normal  and 
pathologic  states,  and  methodologic  and  technologic  vai"iances 
among  studies.  It  is  important  to  remember  these  and  to  inter- 
pret data  carefully  and  with  as  much  consideration  of  these 
vaiious  factors  as  possible.  In  addition,  the  application  of  PEEP 
both  to  normal  and  pathologic  lungs  results  in  a  complex  set 
of  events  that  impacts  the  entire  organism,  not  simply  the  lungs 
or  the  oxygenation  status.  Failure  to  take  this  into  consider- 
ation results  in  failure  to  provide  optimal  caie  for  tlio.se  patients 
who  require  it  the  most. 
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Peruzzi  Discussion 

Kacmarek:  Bill,  a  question  about  that 
Miller.  Nelson  et  al  study:'  I'm  not 
Familiar  with  that  particular  study.  You 
indicated  that  at  PEEP  levels  greater  thiui 
15  cm  HiO  there  was  a  higher  mortal- 
ity. What  was  the  difference  in  the  mor- 
tality between  the  tw  o  groups? 

1.  Miller  RS.  Nelson  LD,  DiRusso  SM. 
Rutherford  EJ.  Safcsak  K.  Morris  JA  Jr. 
High  level  positive  end-expiratory  pres- 
sure management  in  trauma-associated 


adult  respiratory  distress  syndrome.  J 
Trauma  1992:33(2):284-291. 


Peruzzi:  Actually,  they  did  a  retro- 
spective review  of  their  patients  and 
chose  those  who  required  more  than  15 
cm  HiO  PEEP — the  level  that  they  con- 
sidered to  be  high  PEEP.  They  looked 
at  the  mortality  of  those  patients  com- 
pared with  the  historical  mortality  of 
ARDS  and  found  that  when  they  were 
using  more  than  1 5  cm  HiO  PEEP,  and 
they  were  able  to  keep  the  shunt  frac- 


tion less  than  20%.  mortality  was  only 
about  ZO'/r,  which  they  interpreted  as  a 
significant  improvement  over  histori- 
cal moilality.  They  did  this  in  prepa- 
ration for  a  prospective,  randomized 
study,  which  I  have  not  seen  as  yet.  They 
did  not  really  have  a  control  group,  per 
se,  in  that  study. 

Hess:  That  group  also  published  this 
month  in  Critical  Care  Medicine^  and 
showed  similar  results  in  another  ret- 
rospective study,  which,  quite  honestly. 
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1  find  rather  bothersome.  In  both  stud- 
ies- they  ventilated  patients  with  very 
high  airway  pressures — higher  airway 
pressures  than  many  of  us  in  this  room 
would  be  comfortable  using.  1  am  inter- 
ested in  hearing  what  some  of  the 
thoughts  of  other  people  around  the 
room  are,  but  one  of  my  thoughts  is  ihal 
they're  dealing  with  a  different  t\pe  of 
ARDS  patient  than  perhaps  many  oi  us 
see  in  the  ICU.  Many  of  their  patients 
are  trauma  patients.  They're  relatively 
young  and  previously  healthy,  and  I 
think  they're  different  from  the  kind  of 
ARDS  patient  that  we  see  in  a  medical 
ICU — patients  who  are  septic  and  so 
forth.  I'd  be  interested  in  the  thoughts 
of  others  lu'ound  the  room,  but  I  find  that 
these  studies  bother  me.  I  don't  know 
quite  what  it  is  that  bothers  me  about 
them,  hut  their  approach  to  PEEP  is  dif- 
ferent from  ours.  They  are  essentially 
using  gas-e.\change  targets  and  driving 
PEEP  to  high  levels— 20  cm  H^O  or 
higher  to  achieve  a  targeted  level  of 
shunt.  They  try  to  get  the  shunts  as  low 
as  they  can.  That  leads  me  to  a  t|uestion: 
in  your  practice,  assuming  that  hemo- 
dynamics are  acceptable,  do  yt)u  titrate 
PEEP  according  to  gas-exchange  t;irgets. 
or  mechanics  targets,  or  both?  What  is 
the  role  of  the  lower  inflection  point 
(Piie\)  in  this  a|iproach  and  so  torth'.' 

1.  Di  RusM>  SM.  NcKon  l.D.  Satcsak  K. 
Miller  RS.  Sun  Ival  in  patioiUs  witli  severe 
ailiill  respiralory  distress  syndrome  treated 
with  high-level  positive  end-expiratory 
pressure.  Cril  Care  Med  19g.'i;2,S(9): 
1485-14%. 

2.  Miller  R.S.  Nelson  LD.  DiRusso  .SM. 
Rutherford  liJ.  Salesak  K.  Morris  J  A  Jr. 
Hiiih  level  positive  end-expiratory  pres- 
sure management  in  irauma-associated 
adidl  respiratory  distress  syndrome.  J 
Trauma  my2;.i.'5(2);284-2yi. 

Peruzzi:  We  tend  lo  use  the  least-PEEP 
strategy,  in  that  we  try  to  use  as  much 
as  necessary  to  maintain  ailequate  oxy- 
genation at  what  we  consider  to  be 
subtoxic  oxygen  levels.  (We  do  not 
specitlcally  titrate  PEEP  based  on  lung 
mechanics  except  in  certain  circum- 
stances.) This  involves  two  issues,  one 
of  which  is  to  be  cmcred  later  on  in  this 


conference — inodes  of  mechanical  ven- 
tilation in  ARDS  and  the  best  mode  for 
using  PEEP.  We  also  use  PEEP  con- 
servatively. However,  what  we  have 
changed  is  how  we  approach  ventilat- 
ing ARDS  patients.  Once  they  begin  to 
shou  the  mechanics  associated  with 
aheolar  overdistention.  high  plateau 
pressures  as  you've  described,  we  tend 
to  shift  to  a  pressure-control  mode  of 
ventilation  and  try  to  alleviate  some  of 
the  alveolar  overdistention  associated 
with  tidal  ventilation — but  still  use  an 
appropriate  level  of  PEEP  to  maintain 
atlequate  oxygenation.  We  accept  a  level 
of  hypercapnia  in  those  patients.  From 
what  you've  de.scribed  I  do  not  think  that 
Miller's  group  is  doing  that,  and  that 
obviously  is  a  difference  in  philosophy. 
Bui  we  tend  to  titrate  PEEP  basically  to 
oxygenation  end  points,  and  then  when 
we  get  to  end  points  involving  lung 
mechanics,  we  start  to  look  at  different 
modes  of  mechanical  ventilation. 

Hess:  I  was  going  lo  call  on  Art  (Slut- 
sky)  to  say  a  little  bit  about  some  of  his 
work  with  opening  and  closing  of  alve- 
oli and  the  effect  of  shear  forces. 

Slutsky:  In  fact.  Dean.  I  was  going  to 
ask  a  question  about  that.  Bill,  you  didn't 
mention  anything  about  the  potential 
beneficial  effects  of  PEEP,  not  related 
to  gas  exchange.  There  are  data  in  the 
literature.' ""  which  you  hinted  at.  sug- 
gesting that  PEEP  decreases  the  open- 
ing and  closing  of  lung  units  antl  hence 
decreases  the  stress  forces  thai  can  injure 
the  lung.  After  re\  iew  ing  the  literature. 
what  are  >'our  thoughts  about  this  issue .' 

1 .  Kollon  M.  Caltran  t'B.  Kent  G.  Volgyesi 
G.  Froese  AB.  Bryan  AC.  Oxygenation 
during  high-frequency  ventilation  com- 
pared with  conventional  mechanical  ven- 
lilalion  in  two  models  of  lung  injury. 
Aneslh  Analg  mS2:fil(4):.123-332. 

2.  Hamilton  PP.  Onayemi  A.  Smyth  }.\. 
Cjillan  JK.  Cut?  K.  Kroese  AB.  Br\  an  AC. 
Comparison  of  convenlional  and  high-lre- 
t|iieney  ventilation,  oxygenation,  and  lung 
pathology.  J  Appl  Physiol  IQSSuSS:  131-138. 

3.  Sandhar  BK.  Nibletl  DJ.  Argira-s  EP.  Dun- 
nill  MS.  Sykes  M.  Effects  of  positive  end- 
expiratory  pressure  on  hyaline  membrane 


formation  in  a  rahbii  model  of  the  neona- 
tal respiratory  distress  syndrome.  Inten- 
sive Care  Med  19S8;14(5):.s38-.s46, 
4.  Muscedere  JG.  Mullen  JB.  Gan  K.  SluLsky 
AS.  Tidal  ventilation  at  low  airway  pres- 
sunss  can  augment  lung  injury.  Am  J  Re.spir 
CritCare  Med  1 994;  149(.'i):  1327- 1334. 

Peruzzi:  The  literature  that  I  have 
reviewed  suggests  that  PEEP  application 
reduces  the  degree  of  alveolar  recruit- 
ment associated  with  tidal  ventilation. 
The  animal  data  certainly  suggest  that 
avoid;ince  of  such  al\  eolar  stress  factors 
may  improve  lung  function  and.  poten- 
tially, outcome;  however.  I  am  aware  of 
no  hum;ui  studies  that  ha\  e  addressed  the 
clinical  outcomes  associated  w  ith  that. 
Tliere  is  a  lot  of  lilerattire  asstK'ialed  with 
PEEP  in  COPD  and  the  effects  on  air- 
way resistance.  That  really  wasn't  the 
focus  of  what  I  was  trying  to  present 
because  that's  a  different  concejit.  I  think 
that  there's  a  great  deal  of  interesting  lit- 
erature on  that  topic,  and  there,  indeed, 
appear  to  be  beneficial  effects  of  PEEP 
in  temis  of  closing  volumes.  We've  gone 
from  a  circumstance  w  here  it  was  con- 
traindicated  to  use  PEEP  in  patients  with 
reactive  airway  processes  to  the  point 
now  where  we're  considering  it  in  cer- 
tain patients  in  whom  we  think  it  may 
actually  imprm  e  disiribuiion  of  venti- 
lation. However.  I  ihink  a  good  number 
of  the  controversies  in  ARDS  relate  to 
choices  of  modes  of  mechanical  venti- 
lation, not  just  PEEP  levels. 

Slutsky:  Dean,  in  response  to  your  pre- 
vious question:  this  issue  is  covered  in 
my  talk,  which  is  next,  because  it  has 
implications  for  high-frequency  ven- 
tilation. In  fact.  I  think  if  high-frequency 
ventilation  is  beneficial,  it  probably 
relates  to  the  fact  that  the  end-expira- 
tory pressures  arc  kept  as  high  as  pos- 
sible, minimizing  opening  and  closing 
of  alveolar  units,  while  also  minimiz- 
ing end-inspiratory  lung  stretch.  I'll 
show  you  some  animal  data  during  my 
talk  suggesting  that  PEEP  is  beneficial. 
Unfortunately  human  data  are  lacking. 
I  didn't  see  the  study  this  month  by 
Miller,  Nelson,  et  al'  but  the  concept 
of  minimizing  the  opening  and  closing 
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of  lung  units  might  prin  ide  a  rationale 
for  using  very  high  PEEP  levels.  What 
you  want  to  do  is  recniit  the  lung.  Tliere 
are  a  couple  of  ways  to  know  whether 
the  lung  is  recruited.  One  way  is  to  look 
at  the  pressure-\olume  cur\e.  and  I'll 
show  some  data  using  that  approach. 
but  the  other  way  is  to  look  at  gas 
exchange.  If  your  Po,  increases,  you're 
likely  recruiting  more  lung  units,  and 
that  may  be  the  rationale  underlying 
those  studies. 

1 .  DiRusso  SM.  Nelson  LD.  Safcsak  K.  Miller 
RS.  Survi\al  In  patients  with  se\ere  adult 
respirator)'  distress  syndrome  treated  w  ith 
high-level  positive  end-expiratory  pressure. 
Crit  Care  Med  1995:23(9):  1485-1496. 

Hess:  I  guess  the  only  problem  with  that 
is  that  when  you  dri\e  the  PEEP  up  to 
20-25  cm  H:0.  then  you're  left  either 
with  dri\  ing  the  airway  pressures  up  to 
very  high  levels  and  getting  into  the  risk 
of  ventilator-induced  lung  injury,  and 
all  the  Dreyfuss  rat  models  sort  of  stuff, 
or  you're  limited  to  ventilating  at  very 
low  tidal  \olumes  and  allowing  very 
high  Pco:  levels.  1  guess  the  thing  that 
troubled  me  about  the  Miller-Nelson 
study  was  that  they  used  high  levels  of 
PEEP,  and  they  allowed  the  airway 
pressures  to  be  very  high — 55-60  cm 
H2O.  or  so.  Something  about  all  of  that 
just  doesn't  quite  sit  right.  I  guess.  I'm 
bothered  with  their  results,  given  the 
high  airway  pressures  that  they  used, 
and  the  only  e.xplanation  1  can  find  is 
that  these  patients  were  ventilated  for 
very  short  periods  of  time.  These  were. 
by  and  large  1  think,  trauma  patients 
who  were  relatively  healthy  previously 
and  their  ventilatory  course  was  rela- 
tively short. 

Slutsky:  Was  this  a  prospective  study? 

Hess:  No,  this  was  a  second  retro- 
spective study.  This  was  a  follow-up 
study  to  the  reference  that  Bill  (Penizzi) 
talked  about.  It  incoiporated  more  non- 
trauma-related  ARDS  patients  and 
essentially  came  to  the  same  conclusions 
as  the  first  study.  The  prospective  study 
is  reportedly  multicentered. 


Slutsky:  Did  they  have  a  control  group 
as  well? 

Hess:  I  believe  they  used  historical 
controls. 

East:  1  just  w  anted  to  make  a  comment. 
I  have  talked  to  Loren  (Nelson)  about 
their  study  over  the  years,  and  I  think 
their  ARDS  patients  are  just  as  sick  as 
anybody  else's.  I  think  that  it's  not 
unique  to  that  center,  even.  For  instance, 
if  you  visit  Harborview  with  Da\e  Pier- 
son  and  Len  Hudson,  it's  fascinating, 
because  in  the  medical  ICU.  you'll  tlnd 
they  use  small  tidal  volumes  and  are 
very  focused  on  keeping  plateau  pres- 
sures low.  Yet,  right  next  door  in  the  sur- 
gical ICU.  you  have  someone  who 
trained  with  Civetta  (Joseph),  and 
they're  using  "■super"-PEEP.  I  guess  my 
whole  take-home  message  from  this 
paper  and  discussion  is,  maybe  we  don't 
know  as  much  about  it  as  we  think  we 
do.  if  people  can  use  super-PEEP  and 
get  decent  survivals. 

Branson:  We  are  involved  in  a  multi- 
institutional  trial  that  Loren  Nelson  is 
spearheading.  The  trial  compares  a  high 
PEEP-low  F|0:  strategy  to  a  low  PEEP- 
high  F]0:  strategy.  The  goal  of  the  study 
is  to  detennine  the  relative  risks  of  high 
PEEP  to  high  F|o:-  1  think  the  issue  of 
high  airway  pressures  is  not  only  "How 
high?"  but  also  "In  which  patients?" 
The  current  acceptance  of  a  plateau 
pressure  of  35  cm  HiO  is  based  on 
compelling  evidence.  However,  isn't 
the  issue  transalveolar  pressure?  In  sur- 
gical patients  who  have  received  10 
liters  of  crystalloid  and  packed  red 
blood  cells  in  the  operating  room,  1 
believe  chest-wall  compliance  is  sig- 
nificantly reduced.  I  would  guess  that 
if  we  measured  transalveolar  pressure 
via  pleural  catheters  or  esophageal  bal- 
loons, we  would  find  that  e\en  with  a 
PEEP  of  20-25  cm  H2O  and  a  PIP  of 
60  cm  HiO,  the  transalveolar  pressure 
would  be  in  the  range  that  we  consider 
safe.  This  is  why  pulmonologists  are 
often  shocked  at  the  levels  of  support 
used  by  surgeons  and  surprised  by  the 


seemingly  positive  outcomes.  Neil  will 
talk  about  this  issue  tomorrow. 

Haas:  For  the  bedside  practitioner,  I 
have  a  question  about  performing  "best"- 
PEEP  studies.  Do  you  monitor  mixed 
\  enous  saturation  or  do  you  measure  car- 
diac output  and  calculate  oxygen  deliv- 
ery? I'm  curious  about  what  others  in 
this  group  use. 

Peruzzi:  We  use  both  S-o;  and  con- 
tinuous cardiac  output  monitoring,  actu- 
ally. We've  become  very  enamored  of 
the  combination  continuous  cardiac  out- 
put-S\-(),  monitiM"  because  it  gives  us  a 
check  and  balance  system.  When  car- 
diac output  is  dropping,  we  decide 
whether  to  do  anything  about  it  based 
on  whether  SvO:  's  also  dropping,  and 
vice  versa.  We  find  that  it's  very  use- 
ful to  use  this  balanced  system  to  detect 
errors  in  measurement  and  to  help  make 
clinical  decisions. 

Adams:  If  there  is  a  risk  of  crossing  the 
lower  inflection  point  of  the  P-V  curve, 
then  I  would  think  that  oxygenation 
shouldn't  be  the  target  you  use  to  set 
PEEP  because  you  could  be  just  at  that 
lower  inflection  point  and  crossing  it 
with  each  breath.  Is  the  creation  of  a  P-V 
curve  and  determining  exactly  where 
that  inflection  point  is  important  enough 
to  take  off  the  PEEP,  derecruit  and  assess 
it  properly,  and  then  set  the  PEEP  right 
above  it? 

Peruzzi:  1  think  that  is  an  interesting 
approach  and  a  \ery  good  point.  When 
one  titrates  PEEP  to  an  end  point,  one 
oftentimes  sees  a  rapid  increase  in  oxy- 
genation in  association  with  that  level 
of  PEEP,  and  I  think  that  the  inflection 
point  probably  correlates  with  the 
change  in  oxygenation  level.  So,  yes  it 
is  a  reasonable  thing  to  do  if  you're 
looking  for  alveolar  recruitment,  but  I 
guess  it's  difficult  to  say  that  you  can 
separate  the  two.  I  think  that  they're 
very  closely  related,  and  you're  prob- 
ably just  looking  at  apples  versus 
oranges:  both  of  those  happen  to  be 
doins  the  same  thins  at  the  same  time. 


Respiratory  Care  •  April  '96  Vol  4 1  No  4 


283 


Peruzzi  Discussion 


1  have  not  compared  changes  in  pres- 
sure-volume curves  with  oxygenation 
changes  to  tell  s  ou  whether,  indeed,  they 
correlate  and  it  that  would  make  a  dif- 
ference in  my  decisions. 

Slutskv:  I  v\()uldjusi  like  to  emphasize 
Rich's  ( Branson)  point  about  the  inter- 
pretatie)n  of  ainvay  pressures.  Although 
we  usually  think  of  high  airway  pres- 
sures as  predi.sposing  patients  to  baro- 
trauma, it  is  the  transpulmonary  pres- 
sure that  is  likely  the  nmre  important 
pres.sure  in  this  regard.  Thus,  if  the 
patient  has  a  \  ery  stiff  chest  wall  as 
occurs  with  massive  ascites,  a  high  air- 
way— or  even  a  high  alveolar  pres- 
sure— may  not  be  really  of  major  con- 
cern because  pleural  pressure  will  also 
be  elevated.  This  doesn't  mean  that  you 
have  to  put  an  esophageal  balloon  into 
evei^body.  but  consider  it  an  nnportanl 
point  to  keep  in  mind.  The  second  point 
that  I'd  like  to  make  is  that  if  you  look 
at  the  animal  models,  all  it  takes  is  a 
couple  of  hours,  or  less,  of  inappropriate 
ventilation  to  cause  the  kind  of  struc- 
tural damage  that  could  take  weeks  to 
heal.  So,  it's  important  to  apply  the  cor- 
rect ventilatory  strategy  very  early  on. 
before  the  ventilator  actually  damages 
the  Umg. 

Hess:  I  think  we  have  to  wait  to  see  the 
end  of  the  randomized  trial. 

Peruzzi:  The  other  point  that  I  would 
make  is  that  it's  clear  to  me  from  my 
experience,  especially  in  dealing  with 
acute  lung  injury  and  oxygen  toxicity. 
that  humans  and  animals  are  very  dif- 
ferent. .Animals  appe;ir  to  be  much  more 
sensitive  to  these  soils  of  problems  than 
humans,  and  it's  a  question  that  is  going 
to  require  a  randomi/cd  and  prospecti\  e 
siudv  to  answer. 


Hess:  Since  Bob  is  the  summarizer.  he 
gets  the  last  point. 

Kacniarek:  I  wanted  to  comment  on 
Alex's  (Adams)  point.  I  agree  that  the 
use  of  inflection  points  to  set  PEEP  is  a 
nice  theoretical  approach.  My  experience 
is  that  at  the  bedside  it's  not  the  easiest 
thing  to  do.  nor  do  you  see  an  inflection 
pttint  in  all  patients.  I  [x-rsonally  find  that 
in  the  majority  of  patients,  unless  they're 
young,  previously  healthy,  trauma  vic- 
tims without  pre-existing  lung  disease, 
it's  very  difficult  to  identify  an  inflec- 
tion point.  Even  if  you  go  to  a  square 
wave  pattern,  with  long,  protracteil  inspi- 
ration or  do  multiple  intlations  with  a 
giant  syringe.  It's  just  something  lliat  you 
can't  always  identify  clinically. 

Peruzzi:  I  think  that  also  goes  along  with 
vshat  Gattinoni  showed.'  that  in  certain 
lung  areas  and  in  certain  patients,  the 
pathology  isn't  going  to  result  in  alve- 
oku'  recmitment.  to  a  significant  degree. 
You're  going  to  increase  alveolar  size, 
you'll  redistribute  water,  but  you  won't 
necessarily  recruit  a  phenomenal  num- 
ber of  alveoli.  Whether  that's  going  to 
be  a  useful  technique  depends  on  what 
the  pathology  is  in  that  individual  and 
the  extent  of  that  pathology. 

1 .  Gattinoni  L.  D' Andrea  L.  Pelosi  P,  Vitale 
G.  Pesenti  .\.  Fumagalli  R.  Regional 
effects  and  mechanism  of  positive  end- 
expiratoPt  pressure  in  early  adult  respi- 
ratory distress  syndrome.  JAMA  \99}:2b9 
( I6):2I22-2I27.  See  ihe piiblisheilena- 
nim  JAMA  /99J:27U(I5):I8I4. 

Hess:  The  point  that  I  was  going  to 
make  is  that,  really,  you're  interested  in 
the  intlection  points  of  the  recruitahle 
aheoli.  When  you  look  at  something 
here  at  the  mouth,  you're  looking  over- 
all at  what's  happening. 


Branson:  This  w  ill  be  verv  helpful,  and 
I'm  going  to  put  Alex  on  the  spot,  since 
he's  drawing  pictures.  I  am  asked  re- 
peatedly. "How  do  you  measure  the 
inflection  point  in  the  ICU?"  and  for 
readers  of  the  Journal,  if  you  would  just 
take  a  few  seconds  to  tell  us  hov\  to  set 
the  flow  pattern,  and  other  ventilator 
variables — or  is  it  better  to  use  a  super 
syringe?  Do  you  have  to  have  esopha- 
geal pressure  or  can  you  just  do  it  with 
the  ventilatt)r?  All  those  things  would 
be  very,  very  helpful  to  the  people  who 
take  care  of  patients  at  the  bedside  all 
the  time. 

Adams:  1  certainly  can't  answer  that.  I 
can  cite  the  two  studies'  -  that  have  re- 
duced PEEP  in  patients  and  used  the 
plateau  pressures  established  by  incre- 
mental increases  in  tidal  volume,  look- 
ing for  a  line,  and  then  tiying  to  establish 
some  criterion  for  where  the  cune  at  the 
bottoin  and  the  curve  at  the  top  leave  that 
line.  There  could  be  sophisticated  curve 
fittings  that  could  find  it.  but  in  both  cases, 
as  was  pointed  out  by  the  presenter,  these 
arc  regions  that  aren't  that  distinct.  But, 
is  it  risky  to  be  that  far  above  it  if  you 
make  a  mistake?  It  may  be  risky  to  be  in 
it.  and  tliat's  what  I  would  w;int  to  know. 
I'm  faced  with  the  same  questions  that 
you  ask. 

1.  Roupie  E.  Dambrosio  M.  Servillo  G. 
Mentec  H,  El  Atrous  S.  Beydon  L.  et  al. 
Titration  of  tidal  volume  and  induced 
hypercapnia  in  acute  respiratory  distress 
syndrome.  Am  J  Respir  Crit  Care  Med 
199.'i;l_'i2(l):l2l-l2S. 

2.  Amato  .MBP.  B;ub;is  CSV.  Medeiros  DM. 
Schettino  GdePP.  Filho  GL.  Kairalla  RA. 
et  al.  Beneficial  eflects  of  ttie  "open  lung 
approach"  with  low  distending  pressures 
in  acute  respiratory  distress  syndrome:  a 
prospecii\  e  randomized  study  on  mechan- 
ical ventilation.  Am  J  Respir  Crit  Care 
Med  I995;I52(6):1835-1846. 
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Introduction 

At  the  end  of  expiration,  dead  space  between  tlie  carina 
and  the  external  orifices  of  the  airways  mainly  con- 
tains air  with  llie  composition  of  alveolar  air;  could  this 
part  of  the  dead  space  be  eliminated,  tidal  voluine  would 
be  decreased  by  a  corresponding  volume.  Furthemiore, 
CO:  nonnally  contained  in  this  part  of  the  airways  no 
longer  would  be  rebreathed,  leading  to  a  decrease  in 
minute  ventilation  as  a  physiological  response  set  to 
maintain  the  existing  CO2  level.' 


This  1969  communication  from  Severinghaus  to  Strese- 
mann'  specifically  and  accurately  describes  the  piimaiy  effect 
of  tracheal  gas  insufflation  (TGI),  that  is,  the  flushing  of 
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anatomic  and  apparatus  dead  space.  A  current  definition  for 
the  adjunctive  role  of  TGI  in  mechanical  ventilation  in  a  pres- 
sure-guarding ventilatory  strategy  is  the  continuous  or  pha- 
sic injection  of  fresh  gas  into  the  central  airways  for  the  pur- 
pose of  improving  the  efficiency  of  alveolar  ventilation  and/or 
minimizing  the  ventilatory  pressure  requirement. 

In  this  paper,  TGI  is  discussed,  primarily,  as  an  adjunct 
to  mechanical  ventilation.  Two  other  varimts  of  TGI  have  been 
extensively  investigated  and  implemented  and  are  discussed 
briefly.  Transtracheal  oxygen  (TTO)  refers  to  TGI  administered 
to  a  spontaneously  breathing  subject  and  has  been  used  since 
the  early  1980s,- '  TTO  provides  a  means  of  oxygen  deliv- 
ery that  allows  reduced  oxygen  flow  to  provide  equivalent 
oxygen  saturation.  This  reduces  oxygen  costs  and  extends  the 
supply,  which  may  be  particularly  important  in  the  home  set- 
ting. In  addition.  TTO  has  been  shown  to  reduce  minute  ven- 
tilation by  the  mechanism  described  by  Severinghaus,"*'' Con- 
sequently, TTO  reduces  the  work  of  breathing  and  improves 
exercise  tolerance,^  '^  Finally,  the  catheter  can  be  concealed 
for  cosmetic  purposes  because  it  enters  the  trachea  percuta- 
neously  above  the  sternal  notch.  The  other  TGI  variant,  con- 
tinuous apneic  ventilation,  delivers  gas  to  an  apneic  animal 
or  patient  and.  at  certain  catheter  positions  and  flows,  pro- 
vides adequate  gas  exchange,  Vaiiations  of  continuous  apneic 
TGI  have  been  termed  constant-flow  ventilation.'^  constant 
oxygen  insufflation.'"  continuous-flow  apneic  ventilation," 
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and  tracheal  insutnation  of  oxygen.'-  Even  (hough  chnical 
indications  are  few.  this  variant  of  TGI  has  enlightened  inves- 
tigators to  proper  posilioning.  flow  s,  and  the  mechanisms  of 
action  of  TGI.'  '- 

Recently,  TGI  has  been  applied  during  mechanical  ven- 
tilation to  improve  oxygenation.  Although  oxygenation  in 
mechanically  ventilated  patients  often  improves  with  TGI. 
it  should  not  be  applied  solely  to  achieve  that  goal.  The  place- 
ment of  a  catheter  in  the  trachea  of  a  sentilated  patient  is  tech- 
nically simple  but  functionally  complex.  A  simple  circuit  for 
TGI  is  shown  in  Figure  I.  Continuous  TGI  by  this  method 
presents  complex  questions  about  delivery  efficacy,  ventilator 
interaction  problems,  and  potential  complications. 


Capnograph 
probe 

Airway  pressure  tap 


Trachea 


Endotracheal  tube 


k 


Catheter 

Carina 


Fig.  1.  A  simple  circuit  for  tracheal  gas  insufflation.  The  ventilator 
circuitry  includes  the  Y  adapter,  a  capnograph  probe,  an  airway 
pressure  tap,  a  bronchoscopy  adapter,  and  the  endotracheal  tube. 
The  tracheal  gas  delivery  components  include  a  blender  to  deliver 
a  ventilator-matched  oxygen  concentration,  a  flowmeter  to  set  the 
tracheal  gas  flow,  oxygen  tubing,  a  connector  for  the  tubing-bron- 
choscope  adapter,  and  the  catheter  guided  through  the  bron- 
choscopy adapter  to  a  position  above  the  carina. 


Technical  Aspects  of  TGI 

Catheter  Placement  &  Shape 

For  the  puipose  of  dead-space  flushing,  the  flow  (catheter 
tip)  can  be  introduced  in  the  region  of  the  carina.  The  precise 
position  of  the  lip  of  the  catheter  is.  probably,  less  important 
than  might  be  expected.  The  catheter  can  be  placed  above  the 
c;uTna  under  bronchoscopic  guidance  or  placement  can  be  esti- 
mated from  a  recent  chest  radiograph.  In  addition  to  simple 
dead-space  flushing  (proximal  effect),  a  distal  effect  further 
improves  TGI  efficiency  and  is  caused  by  a  jet  exiting  the 
catheter.  Beyond  the  jet  is  another  region  of  enhanced  tur- 
bulence (Fig.  2).  The  extent  of  this  region  of  turbulence  is 
related  to  flow  velocity  and  is  increased  by  increasing  catheter 
tlow  and  decreasing  lumen  size.  The  work  of  .Slutsky  and 
Menon'*  using  an  aniinal  model  revealed  that  advancing  the 
catheter  more  than  .^..'^  cm  beyond  the  carina  greatly  enhances 
gas  mixing  (and.  therefore,  the  distal  effect)  but  can  also  cause 
regional  hyperinflation."  Although  the  distal  effect  enhances 
CO:  extraction,  the  presence  of  the  catheter  and  the  jet  effect 
oppose  usual  expiratoiy  flow.  The  need  to  consider  both  prox- 
imal and  distal  effects  has  led  to  the  development  of  novel 
approaches  to  directing  the  tracheal  gas  flow.  Isabey  et  al''' 
ha\  e  designed  a  TGI  endotracheal  lube  ( ETT)  that  allows  gas 
to  be  injected  through  capillaries  imbedded  in  the  tube,  thus, 
a\oiding  circuit  interruption  to  add  tracheal  gas  and  elimi- 
nating the  catheter  w  ithin  the  trachea.  Kolobow  and  co-w  (irk- 
ers'^  have  developed  a  reverse-thrust  catheter  that  directs  tra- 


Proximal-Effect  Region 


Distal-Effect  Region 


Fig.  2,  Tracheal  gas  insufflation  effects  within  the  trachea  and 
mainstem  bronchi.  The  proximal  effect  is  due  to  the  dead-space 
flushing  from  the  catheter  tip  to  the  Y  of  the  ventilator  circuit.  The 
distal-effect  region  consists  of  a  jet  area  extending  from  the 
catheter  tip  and  a  turbulent  region  extending  beyond  the  jet  to- 
wards the  alveoli  The  extent  of  the  )et  and  turbulence  regions  is 
related  to  flow  velocity  at  the  catheter  tip.  The  velocity  is  directly  re- 
lated to  flowrate  and  inversely  related  to  the  internal  diameter  of 
the  catheter. 
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cheal  gas  flow  back  towards  the  \entilator-circuit  ^■.  (liiis. 
accomplishing  expiratory  flushing  ;uid  avoiding  hyperintlation. 
Burwen  et  al  of  Slutsi<y"s  group"'  have  placed  the  TGI  catheter 
along  the  trachea  outside  of  the  ETT.  but  the  more  standard 
approach  is  to  place  the  catheter  through  the  ETT. 

Studies  examining  the  shape  of  the  catheter  have  contlmied 
that  two  effects  can  be  anticipated  from  TGI.  A  catheter  shaped 
to  direct  flow  towards  the  Y  functions,  primarily,  by  flush- 
ing dead  space  (proximal  effect).  Directing  the  catheter  tow;irds 
the  distal  airways  (straight  catheter)  shtiuld  produce  both  dis- 
tal and  proximal  effects.  Our  group'^  studied  a  straight  and 
an  inverted  catheter  and  demonstrated  that,  with  relatively  low 
flows  of  2-6  L/min  and  with  the  catheter  I  cm  above  the  equina, 
25%  of  the  total  reduction  in  Pjco:  wiis  due  to  distal  effect 
and  75%  was  due  to  proximal  effect  (Fig.  3). 
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Fig.  3.  The  relationship  between  catheter  flow  and  Pacov  To  quan- 
tify the  proximal  and  distal  tracfieal  gas  insufflation  effects  in  dogs, 
gas  (Vcaih)  was  insufflated  at  5,  10.  and  1 5  Umin  througfi  a  1 .6-mm 
internal  diameter  copper  tube  tfiat  had  been  bent  to  direct  flow  to- 
wards the  Y  (proximal  effect)  or  was  straight  (proximal  and  distal 
effects).  Paco;  was  significantly  less  (means  with  error  bars)  than 
baseline  at  each  flow  for  the  straight  and  for  the  inverted  tubes 
The  extra  reduction  seen  with  the  straight  tube  represents  the  ad- 
dition of  distal  effect. 


ing  more  CO:  li'  the  central  airway  and  actually  produce  a 
higher  ETCOi  despite  causing  a  lower  arterial  Paco:  than  an 
inverted  catheter  that  flushes  only  the  proximal  airway. 
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Fig.  4,  Capnography  tracings  with  and  without  tracheal  gas  insuf- 
flation (TGI).  Representative  capnography  from  2  patients,  each 
receiving  usual  and  TGI-assisted  mechanical  ventilation.  For 
Patient  7.  the  upper  tracing  was  made  without  TGI  while  the  lower 
tracing  shows  TGI  returning  the  ETCO2  to  baseline  by  complete 
CO2  flushing  of  the  range  of  TGI  effect.  For  Patient  2,  the  short- 
ened expiratory  time  does  not  allow  the  capnogram  to  return  to 
baseline  (lower  tracing)  due  to  incomplete  flushing.  Note  the  differ- 
ences in  ETCO2 — the  differences  being  directly  related  to  Pacop  re- 
duction due  to  TGI. 


Monitoring  Effectiveness 

The  effectiveness  of  TGI  overall  is  measured  directly  by 
PaCO:  reduction.  On  a  breath-by-breath  basis,  capnography 
displays  the  completeness  of  Hushing.  Although  end-tidal  CO2 
(ETCO2)  nonnally  plateaus  toward  end-exhalation,  TGI  causes 
ETCO2  to  decrease  with  catheter  flow  and  fall  to  baseline  if 
all  flushable  CO:  is  removed  (Fig.  4)."^  LInfoilunately.  capnog- 
raphy and  TGI  can  have  a  somewhat  complex  relationship. 
The  ETCO2  only  measures  CO:  at  one  place  in  the  circuit  at 
one  time.  For  example,  at  the  same  catheter  flow  the  straight 
catheter,  because  of  distal  flushing  effects,  may  be  deliver- 


Ventiiator-Cycle  Phasing 

Catheter  Volume  &  Delivery 

Tracheal  gas  can  be  delivered  continuously,  during  all 
or  part  of  expiration,  or  during  inspiration  only  (inspiratory 
bypass — as  a  catheter  route  to  deliver  tidal  volume).'''  Con- 
tinuous TGI  also  delivers  flow  during  inspiration  that  adds 
to  the  ventilator-delivered  tidal  volume  and,  thus,  to  minute 
ventilation.  For  example,  with  an  inspiratory  time  of  1 .5 
seconds  and  a  tracheal  gas  flow  of  6  L/min,  150  mL  is  added 
to  the  tidal  volume — a  25%  increase  in  a  tidal  volume  of 
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600  mL  and  a  25%  increase  in  minute  ventilation.  This  addi- 
tion can  be  avoided  simply  by  decreasing  the  set  tidal  vol- 
ume accordingly  or  by  utilizing  expiratory  TGI.  Inspira- 
tory-bypass  TGI  avoids  the  rebrcathing  of  gas  in  the  anatomic 
dead  space  but  is  tiic  least  effective  of  the  thicc  phasing 
options  describeil.''' 

In  Figure  3.  P.ico:  reduction  by  TGI  is  shown  to  be  related 
to  increased  catheter  flow.  In  a  study  of  catheter  flow  and  vol- 
ume effects,  our  group-"  found  that  the  volume  of  tracheal  gas 
delivered  during  expiration  is  a  major  COi  extraction  factor 
(Fig.  5).  This  expiratory  volume  must  be  delivered  in  part  dur- 
ing the  end-expiratory  period  to  optimize  efficacy.  An  equiv- 
alent ve)lunic  delivered  early  in  expiration  is  less  effective. 
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Fig.  5.  Volume  delivery  of  expiratory  tracheal  gas  insufflation  (TGI) 
and  PaCQj  reduction.  To  relate  cattieter-delivered  volume  to  Pacoj 
reduction,  mean  Paco.  values  are  plotted  for  TGI  catheter-deliv- 
ered volume  from  several  specific  flow  settings  when  the  ratio  of 
inspiratory  time  to  total  respiratory  time,  or  t|/t|oi.  =  0.6  (open  cir- 
cles, )  and  t|/tiot  =  0.2  (closed  circles,  •)  In  other  words,  low  flows 
for  longer  periods  were  compared  to  high  flows  for  shorter  periods. 
Equivalent  catheter  volumes  produced  equivalent  reductions  in 
PaC02;  therefore,  TGI  flow  and  duration  are  important. 


Vibration 

An  intriguing  combinatu)n  of  therapies  has  been  reponed 
by  Bitterman.  Gavriely.  and  co-workers-'  -'  in  animal  stud- 
ies spanning  more  than  a  decade.  They  have  found  that  the 
effects  of  TGI  are  enhanced  by  externally  applied  chest-wall 
vibration.  This  is  logically  explained  as  an  expanded  distal 
effect  by  vibration-increased  turbulence  (which  might  also 
be  seen  by  vibrating  or  pulsing  the  insuftlated  gas). 

Ventilator  (Jatlnj;  of  TCil:  Technical  Aspects 

It  appears  that  gas  delivery  during  a  certain  phase  of  expi- 
ration is  required  to  precisely  control  TGI  and  produce  the 


desired  effect.  The  question  is  How  is  the  tracheal  gas  to  be 
controlled?  In  1968,  Stresemann  et  al-''  sensed  the  phases  of 
respiration  and  deli\ered  tracheal  gas  solely  during  expira- 
tion. Modern  mechanical  ventilators  both  control  and  sense 
respiratory  cycling  through  pressure  and  flow  transducers.  The 
flow  and  pressure  signals  are.  usually,  externalized  and  avail- 
able for  displas .  analysis,  or  as  a  potential  gating  mechanisin 
for  tracheal  gas  flow — simply  put,  a  signal  from  the  venti- 
lator indicating  positive  flow  can  be  set  to  halt  tracheal  gas 
How  to  the  patient  during  inspiration.  The  pulsing  of  gas  deliv- 
ei7  duiing  the  portion  of  expiration  that  maximizes  CO2  extiac- 
lion  and  minimizes  the  effect  on  triggering  is  more  coinplex. 
In  an  experimental  setting,  it  has  been  pe)ssible  to  capture  that 
signal  and  gate  a  solenoid,  directing  flow  of  insufflated  gas 
during  desired  portions  of  expiration.-"  Continuing  development 
of  How  signal  analysis  and  TGI  control  technologies  are 
required  to  maximize  TGI  effectiveness  and  reduce  the  pos- 
sibility of  complications.  If  TGI  is  found  to  be  more  effec- 
li\e  during  a  certain  range  of  expiratory  How.  that  flow  range 
could  be  assessed  from  the  expirators  flow  signal  and  could 
gate  gas  flow  accordingly. 

TGI  Sabotages  Ventilator  Monitoring 

Several  important  aspects  of  the  normal  function  of  a 
mechanical  ventilator  are  altered  by  TGI.  If  these  alterations 
are  not  recognized  imd  accounted  for.  I  believe  the  indisciiminate 
use  of  TGI  with  mechanical  \entilation  can  be  hazardous. 

As  mentioned  earlier,  continuous  TGI  adds  tidal  volume 
to  the  ventilator-delivered  breath.  Less  well-known  is  that 
end-expiratory  TGI  can  also  add  to  tidal  volume  (Fig.  6).''' 
In  this  situation,  the  patient's  expiratory  flow  has  ended  but 
TGI  continues.  Tracheal  gas  usually  exits  the  expiratory  cir- 
cuit, but  when  flow  resistance  toward  the  alveoli  is  less  than 
the  resistance  of  the  expiratory  circuitry  and  valve  resistance, 
flow  goes  to  the  patient  and  adds  to  the  subsequent  \'entilator 
tidal  volume. 

The  introduction  of  a  TGI  bias  flow  into  the  circuitry,  for 
example,  has  two  apjjarent  adverse  effects.  First,  the  tracheal 
gas  flow  impairs  the  accuracy  of  the  expiratory  pneumotacho- 
meter.  TGI  adds  to  the  expired  \ olume,  which  would  not  have 
affected  many  previous-generation  ventilators:  however,  cur- 
rent \  entilators  evaluate  the  exhaled  breath  and  can  alarm  if 
there  is  a  mismatch  between  delivered  and  exhaled  breaths. 
Of  even  greater  importance  is  the  inability  of  the  expiratory 
pneumotachometer  to  detect  a  leak  or  the  absence  of  a  pres- 
suiizcd  breath  when  TGI  appears  to  be  delivering  an  adequate 
exhaled  tidal  volutne.  Second,  the  TGI  bias  flow  can  affect 
the  patient's  ability  to  trigger  the  ventilator.-'^  For  the  patient 
on  TGI  to  trigger  a  ventilator-supported  breath,  an  inspira- 
tory effort  must  outstrip  the  tracheal  gas  flow  and  any  addi- 
tion to  functional  residual  capacity  (FRC)  resulting  from  TGI. 
Figure  7  shows  a  patient  attempting  breaths  during  TGI  but 
recei\ing  \entilator-supported  breaths  in  only  .5  of  1 1  attempts. 
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Fig.  6.  The  addition  to  inspiratory  tidal  volunne  by  late  expiratory 
gas  insufflation  (TGI).  Volume,  flow,  and  airway  pressure  tracings 
are  shown  for  two  complete  breaths  with  late  expiratory  TGI.  In  this 
case,  tracheal  gas  delivery  begins  during  the  ventilator  expiratory 
phase.  Because  patient  expiratory  flow  is  complete  when  TGI  be- 
gins, insufflated  gas  travels  the  path  of  lesser  resistance  (less  re- 
sistance than  the  expiratory  circuitry)  to  the  lungs  and  adds  to  the 
next  tidal  volume  before  the  ventilator  cycles. 


Time  (s) 

Fig.  7.  Tracheal  gas  insufflation's  preventing  ventilator  triggering. 
This  patient  received  TGI  of  10  L/min  and  could  not  trigger  ventila- 
tor-supported breaths  for  6  of  the  efforts  (designated  by  arrows). 
Five  breaths  were  supported  by  pressure  support  while  the  non- 
supported breaths  were  shallower.  Volume  was  measured  by  res- 
piratory inductance  plethysmography. 


Of  course  the  patient  received  smaller,  unsupported  breaths 
from  the  tracheal  gas  flow.  In  general,  the  extra  effort  needed 
to  trigger  breaths  during  TGI  can  be  partially  compensated 
for  by  designing  a  system  of  tlow-triggeiing  from  the  tracheal 
gas  flow. 


Continuous  TGI  also  makes  certain  maneuvers  hazardous 
if  even  possible.  When  either  an  end-inspiratory  pause  or  auto- 
PEEP  (ie.  intrinsic  positi\'e  end-expiratory  pressure)  is  being 
e\alualed.  either  the  clinician  or  the  \eiitilator  must  halt  flow 
at  end-inspiration  or  end-expiration.  If  TGI  continues  during 
the  maneuver,  a  plateau  or  stable  value  can  never  be  reached. 
Excess  pressure  exposure  is  then  a  risk. 

The  fractional  concentration  of  oxygen  delivered  (Fdo:) 
may  be  increased  by  TGI  particularly  with  continuous  TGI. 
If  the  insufflated  gas  has  an  FO:  of  I.O.  TGI  modestly 
increases  actual  Fdo:  if  the  ventilator  Fdo?  is  set  below  1 .0. 
The  lower  the  oxygen  concentration  set  on  the  ventilator 
and  the  higher  the  tracheal  gas  How.  the  higher  the  oxy- 
gen concentration  received  by  the  patient.  This  can  be  reme- 
died by  blending  the  TGI  gas  to  match  the  \entilator-deliv- 
ered  concentration. 

Another  potential  problem  involves  continuous  TGI  with 
pressure-control  ventilation  (PCV).  In  pressure-control  ven- 
tilation, once  the  lung  has  filled  to  its  resting  level  for  the  set 
pressure,  continuous  TGI  continues  to  intlate  the  lungs  and 
add  to  lung  pressure  (although  the  intent  of  PCV  is  to  cap 
the  pressure)  until  the  end  of  the  inspiratory  period.  This  addi- 
tional pressure  has  been  evaluated  in  test  lung  studies.-*-^ 
This  problem  can  be  recognized  by  observation  of  the  air- 
way pressure  tracing  and  is  accentuated  by  long  inspiratory 
times,  lower  compliance,  and  lower  resistance.  A  pressure 
limit  setting  on  the  ventilator  can  be  set  to  relieve  the  pres- 
sure or  an  additional  valve  can  be  inserted  in  the  circuitry 
to  vent  the  excess  pressure. 

Potential  Complications 

Continuous  and  pan-expiiatoiy  TGI  elevate  mean  lung  vol- 
ume. This  effect,  in  addition  to  increasing  Fdo:  ^s  previously 
described,  can  cause  an  increase  in  PaO:  much  as  does  PEEP. 
Because  TGI  opposes  expiratory  flow,  it  causes  back  pres- 
sure through  the  ETT  imd  the  expiratory  valve.  TGI  can  increase 
FRC  as  reported  by  our  group;  at  flows  of  2. 4.  and  6  L/min. 
FRC  was  raised  by  an  average  of  25. 45.  and  62  niL,  respec- 
tively. "''The  auto-PEEP  caused  by  TGI  could  become  clin- 
ically important  during  inverse  ratio  ventilation,  particularly 
with  higher  catheter  flows. 

Expeinence  with  TTO  in  spontaneously  breathing  patients 
is  extensive.  Compared  to  TTO  patients,  ventilated  patients 
are  more  labile,  have  more  secretions,  and  are  probably  more 
susceptible  to  the  effects  of  jet  shear  to  the  tracheal  wall  and 
to  so-called  catheter  whip  (flipping  motion  of  the  catheter 
tip)  than  are  spontaneously  breathing  patients.  The  infre- 
quent serious  consequences  of  the  application  of  TTO  can 
also  occur  with  TGI.  The  formation  of  mucus  balls  and  tra- 
cheal granulation  have  been  associated  with  TTO-'"' '" — prob- 
able consequences  of  drying.  Our  group"  has  shown  that 
insufflated  gas  cools  the  central  airways  and  that  cooling 
is  greater  with  continuous  than  with  expiratory  TGI  (Fig. 
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8).  This  cooling  can  be  lessened  it'  the  insuinaled  gas  is  heated 
and  humidified,  bm  the  back  pressure  needed  to  drive  the 
flow  through  the  catheter  exceeds  the  leais  or  burst  pressure 
of  most  humidifiers.  Figure  9  displays  the  back  pressure 
needed  to  drive  flow  through  catheters  of  4  sizes.  A  pres- 
sure exceeding  1  10  cm  H2O  causes  leakage  or  bursting  of 
most  available  himiidifiers.  Therefore,  heating  and  humid- 
ifying gas  for  tracheal  insufflation  at  higher  flows  through 
smaller  catheters  is  a  problem. 


ETGI 


CTGI 


Fig.  8,  Temperature  declines  in  ttie  central  airway  caused  by  tra- 
cheal gas  insufflation  (TGI).  These  are  tracings  from  a  thermistor 
measuring  temperature  in  the  central  airways  during  TGI  in  a  dog. 
Compared  to  baseline,  both  unheated  expiratory  TGI  (ETGI)  and 
unhealed  continuous  TGI  (CTGI)  markedly  cool  the  airways — 
CTGI  to  a  greater  extent  than  ETGI. 
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Fig.  9.  Back  pressure  from  flow  through  catheters  of  4  commonly 
used  sizes.  High  pressure  is  required  to  drive  gas  through  cathe- 
ters used  for  tracheal  gas  insufflation,  with  much  higher  pres- 
sures required  for  catheters  with  smaller  lumens  (6.5  Fr  and  8 
Fr).  Because  most  humidifiers  leak  or  burst  at  pressures  above 
110  torr,  attempting  to  humidify  gas  for  insufflation  through 
catheters  with  smaller  lumens  may  not  be  possible  even  at  rela- 
tively low  flows. 


Clinical  Studies 

Clinical  studies  thoroughly  evaluating  TGI  are  lacking. 
Stresemann  el  al'^  flrst  applied  TGI  to  a  ventilated  patient 
in  1968.  The  patient  was  ventilated  by  a  Bird  Mark  8  while 
an  inline  thermistor  detected  expiratory  flow  and  triggered 
a  solenoid  to  insufflate  gas  to  the  trachea  throughout  expi- 
ration by  a  precision  flowmeter.  For  this  patient,  TGI  resulted 
in  a  reduction  in  P,,({):  from  54  to  4.^.9  torr.  and  the  mech- 
anism ot  this  tall  v\as  thought  to  be  expiratory  flushing.  Not 
until  the  1980s  did  investigators  describe  TGI  in  animal  mod- 
els as  a  method  that  would  allow  reduction  in  rate  and  tidal 
volume  and.  thcrelore.  pressure  exposure.'-  "  In  1991.  Culbert 
et  al'"*  described  the  use  of  expiratory  TGI  as  part  of  a  pres- 
sure-guarding strategy  in  a  patient  w  ith  ARD.S.  The  patient 
had  1 1  chest  lubes  and  a  persistent  40'/r  pneumothorax.  The 
patient  eventually  recovered,  but  interpretation  of  the  effect 
of  TGI  is  difficult  because  the  inspiratory-to-expiratory-time 
ratio  of  4: 1  (with  auto-PEEP  =  1 2  cm  HjO)  was  converted 
to  1 :2  (auto-PEEP  =  0  cm  HiO)  when  TGI  was  instituted. 
Our  group'^  repoiled  the  first  series  of  patients  to  whom  TGI 
was  administered — 8  patients  with  a  variety  of  underlying 
causes  of  respiratory  failure.  TGI  reduced  Paco:  in  y"  patients, 
with  an  average  reduction  of  l.'S'/f.  In  1994.  Nakos  et  al''' 
reported  the  use  of  TGI  in  7  patients  with  acute  lung  injury. 
Not  only  was  P-,co:  reduced  by  TGI  but  also  a  24%  reduc- 
tion in  tidal  voltimc  maintained  an  equi\alent  Paco:-  This  appli- 
cation showed  that  the  pressure-sparing  effects  proposed  by 
earlier  investigators  could  be  used  in  the  clinical  setting. 

Of  the  reported  human  studies,  none  have  evaluated  the 
role  of  TGI  in  permissi\e  hypercapnia.  TGI  should  be  more 
effective  by  causing  a  greater  reduction  of  PacO:  when  Paco: 
is  elevated."'  Studies  of  a  role  for  TGI  in  ventilator  weaning 
have  not  been  published.  Van  Hot)seret  al"  compared  three 
fomis  of  partial  support  with  TTO  only.  That  report  showed 
that  TGI  was  feasible  in  the  marginally  dependent  patient,  but 
the  minute  ventilation  reducing  ct't'ects  of  TGI  were  not  and 
have  not  been  studied  in  this  patient  group. 

In  Summary 

•  The  proptised  theoretical  applications  for  TGI  use  are  a  pres- 
sure-guarding strategy  and  as  a  tactic  in  weaning  the 
marginally  dependent  patient  (based  on  studies  using  nor- 
mal and  injured  animal  models.  in\estigating  the  technique, 
and  TGl's  cflccli\eness  and  safety). 

•  Ihe  eftectiveness  of  TGI  w  ith  the  newer  TGI-endotracheal 
tube  designs,  partial  expiratory  phasing,  and  TGI  in  con- 
junction with  other  therapies  demand  further  study. 

•  Important  safety  issues  remain  regarding  the  TGI-venti- 
lator  interface  and  the  catheter's  effect  w  ithin  the  patient. 

•  Clinical  studies  are  few — particularly,  studies  of  TGI  in 
weaning  and  as  an  adjunct  to  controlling  CO:  extraction 
during  permissive  hxpercapnia. 
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Hess:  A  concern  that  I  have  is  that  with 
ARDS  the  dead  space  is  ai\ eoiar  dead 
space  and  not  anatomic  dead  space.  Our 
anecdotal  experience  with  TGI  hasn't 
been  overwhehiiing.  We  have  nt)t  been 
very  impressed.  Part  of  the  explanation 
for  that  is — with  ARDS  you  have  this 
large  alveolar  dead  space.  TGI  Hushes 
out  the  anatomic  dead  space,  but  it 
doesn't — except  for  some  of  the  distal 
effects  that  you  tallied  about — affect  the 
alveolar  dead  space  that  much. 

Adams:  Precisely.  Tliat  same  argument 
would  also  apply  for  chronic  obstruc- 
tive lung  disease.  In  neuromuscular 
weakness,  perhaps,  where  a  larger  por- 
tion of  the  dead  space  is  anatomic,  or  in. 
perhaps,  asthma.  TGI  can  be  expected 
to  have  a  greater  effect.  However,  as  you 
point  out.  TGI  would  be  expected  to  be 
less  effective  in  acute  lung  injury  and 
obstructive  lung  disease. 

Wilson:  I  am  interested  in  the  data  you 
presented  looking  at  dead-space  venti- 
lation and  improvement  in  Pco:-  When 
Gattintnii  et  al'  use  this  technique  (and 
we'll  discuss  it  a  little  bit  more  this  after- 
noon when  we  talk  about  ECCC)2R),  they 
use  it  for  oxygenation  and  not  for  COt 
removal.  Ct)uld  you  comment  on  that? 

I .  Galtmoni  L,  D' Andrea  L.  Pelo.si  P,  Vitale 
G,  Pesenti  A,  Fumagalli  R.  Regional 
effect.s  and  meclianism  of  positive  end- 
expiratory  pressure  in  early  adult  respi- 
rdlon,'  disffess  syndrome.  JAMA  1993;269 
(1  (i):2 1 22-2 1 27.  Sfc  the imbiished ena- 
nim  JAMA  IWi:270(  I5):IHI4. 

Adams:  In  the  animal  studies  and 
human  studies  that  our  group'-  and  oth- 
ers' ha\e  published,  if  the  oxygen  con- 
centration delivered  by  TGI  is  the  same 
as  the  oxygen  concentration  from  the 
ventilator,  and  if  mean  thoracic  volume 
is  kept  the  same,  there  will  lie  an  increa.se 
in  oxygenation  due  to  TGI  related  to  the 
P.,C()  reduction.  So.  if  one's  intent  is  to 
apply  IXil  to  increase  oxygenation,  one 
should  consider  other  methods  that  are 
safer  and  more  easilv  controlled. 


1 .  Nahum  A.  Shapiro  RS.  Ravenscraft  S.A, 
Adams  AB.  Marini  JJ.  Efficacy  of  expi- 
ratory tracheal  gas  insufflation  in  a  canine 
model  of  lung  injury.  Am  J  Respir  Crit 
Care  Med  iy9.S;l.'i2(2):489-495. 

2.  Ravenscraft  SA.  Burke  WC.  Nahum  A. 
.Adams  AB.  Nakos  G.  Marcy  TW'.  Marini 
JJ.  Tracheal  gas  insufflation  augments  COi 
clearance  during  mechanical  ventilation. 
Am  Re\  Rcspir  Dis  1493;148(2):345-.^.'il. 

.3.  Nakos.  G.  Zakinthinos  S.  Kotanidou  A. 
Tsagaris  H.  Roussos  C.  Tracheal  gas  insuf- 
flation reduces  the  tidal  volume  while 
P.iCO;  is  maintained  constant.  Intensive 
Care  Med  m94;2():407-413. 


Slutsky:  I  think  that  Gattinoni'  uses  tra- 
cheal insufllation  soil  of  like  apneic  oxy- 
genation as  a  source  of  oxygen  to  the 
lung,  keeping  the  lung  at  a  constant  lung 
volume,  so  as  not  to  cause  fuither  injury. 
So.  it  can  certainly  be  used  to  improve 
oxygenation  somcw  hat.  but  it's  an  un- 
usual situation.  Most  of  the  gas  exchiinge 
is  taking  place  in  the  extracorporeal  cir- 
cuit. We've  done  some  studies-  that 
show  that  the  oxygenation  will  be  much 
greater  when  gas  is  delivered  through 
a  catlieter  in  the  distal  airways  rather  than 
at  the  proximal  airway  (and.  actually, 
you  can  get  some  COi  removal,  as  well, 
even  during  apnea). 

1 .  Gartinoni  L.  D'.'^ndrea  L.  Pelosi  P.  Vilale 
G.  Pesenli  ,A.  Fumagalli  R.  Regional 
effects  and  inechanism  of  positive  end- 
expiratory  pressure  in  early  adult  respi- 
ratory distre,ss  syndrome.  JAMA  1993:269 
(1 6):2 1 22-2 1 27.  See  the  published  erra- 
nimJAMA  1993:270(1 5):  1 8 14. 

2.  Long  SE,  Menon  AS.  Kato  H.  Goldstein 
RS.  Slutsky  AS.  Constant  oxygen  insuf- 
flation (COl )  in  a  ventilatory  failure  nuxiel. 
Am  Rev  Respir  Dis  I988;138|3|:6.W-63.S. 

Wilson:  The  total  gas  flow  that  they  use 
is  targeted  at  the  oxygen  consumption 
of  the  patient,  and  that's  how  they  titrate 
the  gas  flow — to  replace  that  volume 
during  the  apneic  period. 

Kacmarek:  TTie  other  thing  you  tend  to 
fail  to  realize  is  that  with  TGI  you're 
adding  PEEP  to  the  system.  A  constant 
flow  at  the  tracheal  level  is  just  like  turn- 
ing up  PEEP  on  the  ventilator,  and  it's 
amazing  how  much  you  can  generate  in 
certain  patients  with  12-14  L/min.  as 


some  individuals  are  using.  In  lung  uhkI- 
els.  we've  noted  up  to  10  cm  H^O  PEEP 
added  to  the  system.  v\  ith  TGI  (lows  at 
1 2  L/min.  1  don't  remember  how  much 
Gattinoni  uses,  but  if  you're  above  10 
L/min.  you  can  create  a  lot  of  PEEP. 
which  may  be  some  of  the  explanation 
of  the  improvement  in  oxygenation. 
That's  one  of  the  things  we  saw  clini- 
cally, when  we  first  used  it.  More  than 
seeing  any  effect  on  COi  removal,  we 
saw  tremendous  improvement  in  oxy- 
genation, which  we  could  not  explain 
until  we  went  into  the  laboratory  and 
really  played  with  it  and  found  that  what 
we  were  doing  was  simply  causing 
PEEP  to  be  applied  to  the  system. 

WiLson:  1  think  that  you  have  a  good 
point  there.  Bob.  Auto-PEEP  is  not  usu- 
ally discussed  with  the  ECCO2R  tech- 
nique. Gattinoni  believes  that  the  oxy- 
genation in  ECCO2R  occurs  by  virtue 
of  native  lung,  primarily,  because  it's 
a  low-tlow .  by-pass  technique.  1  really 
agree  with  you  that  the  oxygenation 
improvement  (and  he's  using  low  TGI 
flows,  in  the  I  -?  L/min  range),  is  really 
a  function  of  the  auto-PEEP  that  is  cre- 
ated. The  auto-PEEP  may  not  be 
reported  accurately  in  the  ECCOiR  stud- 
ies that  use  TGI. 

Branson:  I  guess,  Alex.  I  don't  have  any 
further  comment  on  that.  The  thing  that 
I'd  like  to  comment  about  is  that  when 
TGI  first  ciune  out.  it  was  H)uted  as  a  fairly 
simple  method  of  reducing  Pco;-  After 
your  presentation  I  find  that  statement 
could  not  be  farther  from  the  truth.  1  tliink 
one  of  tlie  things  that  Bob  is  pointing  out 
is  that  the  auto-PEEP  issue  is  related  not 
only  to  the  flow  but  also  to  the  size  of  tlie 
catheter  you  use  and  to  the  size  of  the 
endotracheal  tube.  With  everything  you've 
presented,  w  here  tlie  catheter  is.  whether 
it  has  side  holes  or  end  holes,  how  big  it 
is.  how  big  it  is  in  relationship  to  the  endo 
tracheal  tube,  how  much  you  deliver  in 
relationship  to  what  the  CO:  i*^-  ^utJ  '  guess 
from  my  clinical  expeiience.  TGI  hasn't 
helped  a  w  hole  lot  in  ARDS.  To  me,  it's 
not  a  technique  that  is  safe  right  now — 
in  the  average  person's  hands. 
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Adams:  Correct,  don't  try  this  at  home, 
folks!  I  was  waiting  for  that  comment 
because  I  agree  completely.  If  it  is  to  be 
used  in  the  clinical  setting  in  any  man- 
ner for  the  reasons  that  you  mentioned. 
a  protocol  should  be  established  in  which 
all  of  these  precautions  are  known  by 
those  providing  care — particularly,  the 
ventilator  management  and  how  it  can 
alter  the  ventilator  interface. 

Slutsky:  That's  in  contrast  to  situations 
where  alveolar  dead  space  is  low.  We' 
did  an  experiment  in  which  dogs  were 
given  small  doses  of  paralytic  agent,  .so 
their  Pco:  was  maintained  at  about  90 
toiT.  By  using  gas  insufflation  at  a  few 
liters  per  minute,  the  Pq):  dropped  from 
an  average  of  90  to  about  65  toix.  at  the 
same  time  that  the  minute  ventilation 
(they  were  spontaneously  breathing) 
dropped  about  25%.  So  the  decrease  in 
the  work  of  breathing  was  substantial, 
with  a  really  large  decrea.se  in  Pen- 
However  these  were  animals  with  nor- 


mal lungs — where  it  probably  can  be 
effective.  That  could  be  a  potential 
use — not  necessarily  for  patients  on 
mechanical  ventilation,  but  to  avoid  the 
need  for  intubation  and  ventilation.  You 
can  stick  a  catheter  in  and  help  the 
patient  along,  decrease  their  work  of 
breathing  and  lower  their  Pco:.  You  may 
not  have  to  intubate  them  and  use 
mechanical  ventilation. 

1 .  Long  SE,  Menon  AS,  Kato  H,  Goldstein 
RS,  Slutsky  AS.  Constant  oxygen  insuf- 
flation (COD  in  a  ventilatory  failure 
model.  Am  Rev  RespirDis  1988;1.18(.l); 

Kacmarck:  To  follow  up  on  Rich's 
(Branson)  point — this  is  a  technique 
that's  not  only  difficult  to  do  but  also 
potentially  dangerous.  I  do  not  think  that 
we  have  sufficient  data.  Nobody  should 
be  using  this  unless  they've  had  sig- 
nificant experience  in  the  laboratory 
prior  to  going  to  the  bedside  and  have 
the  safeguards  on  the  system  that  they're 


using  to  prevent  any  of  the  disasti'ous 
effects  that  might  occur  if  an  obstruc- 
tion of  the  system  occurred  or  if  pres- 
sures were  not  properly  monitored. 
When  you  use  TGI  you  really  have  no 
idea  of  what's  going  on  inside  the  lung 
because  you  can't  measure  the  PEEP 
level,  you  can't  measure  plateau  pres- 
sure (at  least,  not  easily),  and  it's  very 
difficult  to  detemtine  what's  happening. 
Just  a  caution — it's  a  technique  that  I 
consider  promising,  but  I  think  we  have 
neither  the  technical  capabilities  nor  the 
monitoring  capabilities  to  use  TGI, 
except  under  very  closely  supervised, 
clinical  protocols. 

Hess:  Exactly,  as  Alex  (Adams)  pointed 
out  very  well  in  his  presentation,  the  ven- 
tilators were  all  designed  to  operate  with 
no  bias  flow  of  any  kind  in  the  system. 
When  you  begin  adding  bias  tlow  to  the 
system,  the  ventilator  has  no  way  of  han- 
dling it  because  the  ventilator  was  not 
designed  to  operate  in  that  environment. 


Understand. 

Adapt. 

Prosper! 
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Introduction 

Since  the  late  lybOs.  mechanical  venlilatum  iifthe  adult 
patient  has  been  accomplished  primariW  using  \  olume-con- 
trolled  \entilation  (VCV).  More  recentls.  pressure-controlled 
ventilation  (PCV)  has  been  touted  as  an  alternative  to  VCV. 
Each  method  has  advantages  and  disadvantages.  Recogni- 


tion ol  the  specific  limitations  of  each  technique  has  lead  to 
the  development  of  so-called  dual-control  modes  in  which 
breath  deli\er\  can  be  viilume-  or  pressure -controlled,  depend- 
mg  upon  delivered  tidal  vcilume.  In  this  paper,  we  discuss 
terminology,  identity  the  limitations  of  VCV  and  PCV. 
describe  dual-conirol  modes,  and  review  the  literature  con- 
cernins  these  modes. 


Mr  Branson  is  Assistanl  Professor  of  Surgerv .  Division  of  Iraunia  &  Cri- 
tical Care.  Department  of  Surgery.  University  of  Cincinnati  Medical  Cen- 
ter. Cincinnati.  Ohio:  and  Dr  Maclmyre  is  Professor  of  Medicine  and 
Medical  Director.  Respiratory  Care  Services.  Duke  University.  Durham, 
North  Carolina. 

A  version  of  this  paper  was  presented  by  Mr  Branson  during  the  RFSPI- 
RATORV  Carp.  Journal  Conference.  Mechanical  Ventilation,  Ventilatory 
Techniques.  Pharmacology,  and  Patient  Management  Strategies,  held  in 
Canciin.  Mexico.  October  6-8.  1995. 
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Reprints:  Richard  1)  Branson  RRT.  Department  of  Surgery.  University  of 
Cincinnati  Medical  Center,  2.^1  Bethesda  .Avenue.  Room  2457.  Cincin- 
nati OH  45267-0558. 


Terminology 

.According  to  the  system  described  bv  Chathurn.  breath 
tv  pes  and  ventilator  modes  can  be  described  according  to  con- 
trol, phase,  and  conditional  variables.'  '  We  present  a  brief 
review  of  this  system  to  facilitate  description  of  new  modes. 

Control  Variables 

The  control  variable  is  the  variable  (eg.  pressure,  volume. 
How.  or  time)  that  the  v  entilator  manipulates  to  accomplish 
inspiration.  The  control  v  ;iriable  for  a  given  breath  c;in  be  iden- 
tified b\  the  fact  that  its  behavior  remains  ct)nstant  despite 
changes  in  ventilatory  load.  That  is  to  say,  the  control  vari- 
able remains  constant  regardless  of  pulmonary  impedance. 
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All  other  pre-set  \  ariables  are  altered  to  allow  the  control  vari- 
able to  remain  unchanged. 

Phase  Variables 

According  to  Mushin  et  al.""  the  respirator},'  cycle  has  four 
phases:  ( 1 )  change  from  expiration  to  inspiration;  (2)  inspi- 
ration: (3)  change  from  inspiration  to  expiration;  and  (4)  expi- 
ration. Phase  \ariabies.  then,  are  the  vaiiables  used  by  the  ven- 
tilator to  begin,  sustain,  and  tenninate  each  of  the  four  phases. 
Phase  variables  are  measured  by  the  ventilator  and  include 
pressure,  volume,  flow,  and  time.  For  any  gi\en  type  of  breath 
in  a  mode  of  ventilation,  the  trigger  (change  from  expiration 
to  inspiration),  hmit  (inspiration),  and  cycle  (change  from  inspi- 
ration to  expiration)  can  be  described. 

Trigger — The  trigger  \ariable  causes  inspiration  to  begin. 
Ventilators  can  be  How  -  or  pressure-triggered  when  the  patient's 
inspiratory  effort  exceeds  the  set  sensitivity  or  time-triggered 
according  to  the  set  ventilator  rale.  More  simply,  a  breath  can 
be  triggered  by  the  ventilator  (time-triggered)  or  by  the  patient's 
inspiratory  effort  causing  flow  or  pressure  in  the  circuit  to 
exceed  the  set  sensiti\ity  (patient-triggered). 

Limit — The  limit  variable  is  the  variable  (pressure,  vol- 
ume, or  flow)  that  the  \entilator  maintains  at  a  pre-set  value 
during  inspiration,  but  which  does  not  cau.se  inspiration  to  end. 
For  example,  during  pressure-support  ventilation  (PSV),  inspi- 
ration continues  even  after  the  selected  pressure  limit  has  been 
reached  and  is  terminated  only  after  the  flow  decays. 

Cycle — TTie  cycle  variable,  when  reached,  terminates  inspi- 
ration. Ventilator  breaths  may  be  time-cycled,  volume-cycled, 
tlow-cycled,  or  pressure-cycled.  During  PSV,  inspiration  is 
flow-cycled  when  inspiratory  flow  decays  to  a  pre-set  inin- 
imum  flow  or  percentage  of  initial  flow. 

Conditional  Variables 

Conditional  variables  are  those  variables  that,  alone  or 
in  combination,  are  examined  by  the  ventilator's  control 
logic  and  used  to  determine  what  criterion  will  be  used  to 
manipulate  a  phase  of  the  breath.  A  common  conditional 
variable  is  patient  effort.  In  the  synchronized  intermittent 
mandatory  ventilation  (SIMV)  mode,  the  ventilator  creates 
a  timing  window  around  the  point  at  which  a  mandatory 
breath  is  due  to  be  delivered  (based  on  set  frequency).  If 
the  ventilator  senses  a  patient  effort,  the  breath  is  delivered 
in  synchrony  with  patient  effort.  If  the  patient  does  not  ini- 
tiate an  inspiratory  effort,  the  ventilator  delivers  the  breath 
at  the  appropriate  time  to  maintain  the  set  frequency.  In  this 
example,  the  ventilator  uses  the  conditional  variable  of  patient 
effort  to  deliver  either  a  patient-triggered  or  machine-trig- 
gered breath. 

Using  this  information,  any  breath  delivered  by  the  ven- 
tilator or  any  ventilator  mode  can  be  described  using  the  con- 
trol, trigger,  limit,  cvcle,  and  conditional  variables. 


Mandatory  Breaths 

When  one  describes  breath  types  and  modes,  it  is  important 
to  distinguish  between  mandatory  and  spontaneous  breaths.  The 
definitions  are  based  on  the  trigger,  limit,  and  cycle  variables. 

A  mandators'  breath  is  either  triggered  or  c\'cled  b\  the  ven- 
tilator. Tlius,  a  breath  that  is  time-cycled  and/or  time-triggered 
is  always  a  mandatory  breath,  A  breath  that  is  patient-trig- 
gered hut  remains  machine-cycled  is  also  a  mandatory  breath. 

Spontaneous  Breaths 

A  spontaneous  breath  is  both  triggered  and  cycled  by  the 
patient.  Patient  breaths  during  continuous  positive  airway  pres- 
sure (CPAP)  and  PSV  are  spontaneous.  In  the  case  of  PSV, 
all  breaths  are  patient-triggered  and  patient-cycled,  based  on 
patient  demand  and  pulmonary  impedance. 

Pressure  Control  vs  Volume  Control 

Volume-controlled  ventilation  in  either  the  continuous 
mandatory  ventilation  (CMV)  or  SIMV  modes  has  been  the 
ventilatory  support  method  of  choice  in  adults  for  the  past 
25  years.  Early  in  the  modem  era  of  ventilatory  support,  ven- 
tilators were  pressure-controlled  (Bird  Mark  Series,  Puritan 
Bennett  PR  series).  The  introduction  of  volume  control  and 
the  guarantee  of  constant  tidal  volume  ( Vj)  and  minute  vol- 
ume (Vg)  delivery,  made  volume  ventilators  the  ventilators 
of  choice. 

It  is  interesting  to  note  that  Fleming  et  al*^  found  VCV  to 
be  superior  to  PCV  in  patients  ventilated  following  major 
trauma.  Fleming  et  al  ventilated  postoperative  casualty  patients 
in  Vietnam  using  either  a  pressure-limited,  time-cycled  ven- 
tilator (Puritan  Bennett  PR-2,  Bird  Mark  7)  or  a  \  olume-cycled 
ventilator  (Emenson  3PV,  Engstrom  300).  They  found  that 
patients  on  VCV  had  a  reduced  incidence  of  atelectasis  on 
chest  radiograph,  better  oxygenation,  and  improved  pulmonary 
compliance.  Volume-cycled  ventilators  became  the  ventilators 
of  choice. 

In  the  last  decade,  increasing  numbers  of  reports  have  sug- 
gested that  PCV  may  be  superior  to  VCV.'''^  Because  PCV 
is  covered  in  a  separate  Journal  Conference  paper  in  the  May 
issue  of  this  Journal,"'  we  present  here  only  a  brief  compar- 
ison of  PCV  and  VCV. 

VCV  has  been  used  extensively  in  adults  during  the  past 
30  years,  and,  thus,  a  major  advantage  of  VCV  is  caregiver 
experience.  That  is.  the  application  of  VCV  and  patient  response 
have  been  well  described.  As  mentioned  previously.  VCV 
allows  a  set  Vj  to  be  guaranteed,  regardless  of  pulmonary 
impedance.  Constant-volume  delivery  remains  the  most  com- 
pelling factor  in  the  selection  of  VCV.  VCV  also  has  the  advan- 
tage of  providing  a  linear  increase  in  Vg  as  Vj  is  increased. 

Disadvantages  of  VCV  include  excessive  airway  pressures 
that  may  lead  to  barotrauma,  volutrauma.  or  hemodynamic 
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compromise,  and  palieni-ventilutor  dyssyiichiony.''  When 
the  set  inspiratory  flow  is  less  than  patient  demand,  the  con- 
sequent dyssynchrony  may  result  in  a  woi'k  of  bieatiiing  ( WOB I 
equivalent  to  spontaneous  breathing.  Tliis  has  been  called  How 
starvation  and  is  obviously  undesirable.  Studies  by  Marini  et 
al,"*'''  Sassoon  et  al.'"  and  Ward  et  aP'  have  demonstrated 
that  the  single  most  important  factor  alYecting  patient  WOB 
is  the  difference  between  set  flow  and  patient  flow  demand. 
Figure  1  depicts  a  \  olunie-cycled  breath  demonstrating  the 
characteristic  defonnation  of  the  pressure  w  avefomi  seen  dur- 
ing flow  starvation.  Next  to  this  breath  is  depicted  a  manu- 
ally-triggered breath  unaffected  by  patient  ilemaiid.  We  believe 
that  comparison  of  these  breaths  is  an  ideal  method  for  diag- 
nosing flow  starvation  during  VCV. 


Patienl-Triggered 
gc       Volume-Cycled 


Machine-Triggered 
Volume-Cycled 


Fig.  1  Pressure  waveforms  demonstrating  a  machine-triggered, 
volume-cycled  breath  (right)  and  a  patient-triggered,  volume-cy- 
cled breath  (left).  The  second  breath  demonstrates  the  character- 
istic deformation  of  the  pressure  waveform  seen  with  patient-venti- 
lator dyssynchrony. 


Vf.  and  in  the  presence  of  auto-PEEP  Wj  is  diminished. '^'-- 
Table  1  compares  VCV  and  PCV  breath  characteristics. 

table  1  -      Breath  Characteristics  tor  Volume-Controlled  Ventilation  and 
Pressure-Controlled  Ventilation 


Variable 


Volume-Controlled 
Ventilation 


Pressure-Controlled 
Ventilation 


Trigger 

Patient  or  machine 

Patient  or  machine 

Limit 

Flou 

Pressure 

Cvcle 

Volume 

Time  or  How 

Tidal  Volume 

Constant 

Variable 

Peak  Pressure 

Variable 

Constant 

Modes 

Volume  control-assist/ 

Pressure  contiol- 

control;  volunie-control- 

assist/control;  pressure 

|synchioni/-ed| 

control-[synchronized| 

inlermittent  mandator) 

intermittent  mandatory: 
pressure-support 

Combininji  Pressure  «&:  \  olume  Control 

The  concept  of  ctimbining  the  positi\e  attributes  ol  pres- 
sure control  (high  flow  changing  to  meet  patient  demand)  and 
\oktme  control  (V|  -guarantee)  were  first  described  by  Amato 
et  al  in  1992.-'  A  lung-model  evaluation  of  a  commercially 
available  ventilator  using  a  combined  pressure-voluine  breath 
was  described  by  Maclntsie  and  colleagues  in  1994.-''  We 
(Haas  et  al-")  evaluated  a  commercially  a\ailable  combined 
pressure- volume  breath  in  1995.  These  are  the  only  evalua- 
tions cunviitly  available.  We  describe  the  theoretical  concept, 
mechanical  design,  clinical  experience,  and  indi\  idtial  ven- 
iilator  manufacturer  algorithms  for  combining  pressure  and 
\ (flume  bretiths  (ie.  for  accomplishing  dual  control). 

The  Pressure/Volume  Breath 


Proponents  point  oul  ihal  PCV  1 1 )  increases  mean  airway 
pressure  by  virtue  of  a  rectangular  inspiratory  pressure  pat- 
tern (descending-ramp  How  wascforml:  (2)  limits  excessive 
airway  pressure  and.  therclore.  the  risk  of  x'olutrauma  and  b;u-o- 
trauma:  (3)  iinprovcs  gas  distribution  by  exposing  the  lungs 
to  the  set  peak  inspiraloiy  pressure  (PIP)  throughotil  the  inspi- 
ralorv  lime;  and  (4)  retluccs  ihe  WOB  b)  pro\  iding  a  high  ini- 
tial How  liiat  decreases  as  lung  volume  and  pressure  increase.'"'" 
Studies  in  the  last  5  years  ha\  e  concluded  that  PCV  is  supe- 
rior to  VCV  (rectangular  tlow  waveform).'' '"  equivalent  to 
VCV  (rectangular  flow  wavefomi )."'■'  and  equivalent  to  VCV 
(descending-ramp  tlow  waveform).'^ 

Disadvantages  of  PCV  include  ( I )  variable  V  i  delivery  as 
pulmonary  impedance  changes:  (2)  excessive  v iilunic  deliv 
ery  in  the  setting  of  improv  ing  pulmonary  compliance,  il  vol- 
ume alarms  are  not  properly  set;  and  [})  inconsistent  changes 
in  Vt  with  changes  in  PIP  and  ptisitive  end-expiratory  pres- 
sure (PEEP).  In  the  latter  case,  incivasing  PIP  mav  fail  to  increase 


Amato  et  al's  initial  concept  of  volume-assured  pressure- 
support  ventilation,  or  VAPSV.  has  been  adopted  by  both  Bird 
Coiporation  and  Bear  Medical  to  prov  ide  dual  control.  Amato 
et  al's-'  original  description  of  VAPSV  utilized  two  tlow 
sources  in  parallel  to  achieve  a  high  initial  tlow  and  a  volume- 
constant  breath.  The  first  source  provides  flow  with  a  rect- 
angular pattern  set  by  the  clinician  (10-1 20  L/min).  This  prcv 
vides  the  constant  volume.  The  second  source  of  flow  (up  to 
200  L/min)  is  set  to  reach  a  preset  pressure  limit.  When  the 
patient  initiates  a  breath,  both  llou  sources  are  activated.  The 
second  tlow  source  rapidly  delivers  gas  into  the  circuit  until 
a  pre-set  pressure  limit  (set  by  the  pressure  support  control) 
is  reached.  This  How  then  decreases  to  maintain  constant  pres- 
sure. If  delivered  Vt  is  greater  than  the  pre-set  minimum  Vj 
then  the  breath  is  simply  a  pressure-supported  breath.  It  is 
important  to  note  at  this  point  that  although  a  minimum  V  | 
is  guaranteed,  VAPSV  allows  V i  lo  exceed  set  V'r  accord- 
ing to  patient  demand. 
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IfVx  is  less  than  the  minimum  set  Vt.  then  as  flow  from 
the  second  source  decreases,  the  primiuT  constant  source  con- 
tinues at  the  set  flow  until  Vt  is  delivered.  This  causes  the 
characteristic  flow  pattern  demonstrating  an  initial  decreas- 
ing now  waveform  that  is  'squared  off"  as  the  constant  flow 
assures  Vj  delivery  (Fig.  2). 


Pre-Set  Vt 


Time 


Fig.  2.  Pressure  and  flow  waveforms  during  volume-assisted  pres- 
sure support  in  the  study  by  Amato  et  aL  CF  =  continuous  flow. 
(Reprinted  from  Reference  23,  witfi  permission.) 


Amato  et  al's  description-'  intended  VAPSV  to  be  used 
as  a  substitute  for  conventional  volume-controlled,  assist/con- 
trol ventilation.  In  this  instance,  the  high  initial  flow  aids  in 
reducing  the  WOB  and  presents  flow  dyssynchrony  while 
the  volume-guarantee  assures  constant  Vg.  Dual  control  might 
be  used  as  a  "safety  net"  during  PSV.  In  this  application,  if 
patient  effort  is  diminished  during  PSV,  the  ventilator  flow 
decreases  to  a  pre-set  minimum  and  provides  constant  flow 
for  the  remaining  portion  of  inspiration,  until  the  desired  Vx 
is  delivered.  The  use  of  VAPSV  in  this  manner  has  not  been 
studied  and  although  it  assures  Wj.  it  might  have  adverse  con- 
sequences related  to  patient-ventilator  synchrony.  If  during 
PSV.  VAPSV  is  employed  and  diminishing  patient  effort 
causes  flow  to  rapidly  decelerate,  then  the  sudden  switch  to 
constant  flow  might  disrupt  the  patient's  breathing  pattern. 
This  application  of  VAPSV  deser\  es  further  study. 

Clinical  Experience  with  VAPSV 

Amato  et  al's  initial  work-''  evaluated  the  effects  of  VAPSV 
on  gas  exchange  and  WOB  in  8  patients  in  acute  respiratory 
failure.  They  ventilated  patients  in  a  conventional  volume- 
controlled  mode  with  a  rectangular  flow  waveform  at  a  Vj 
of  10  niL/kg.  inspiratory  flow  of  .SO  L/min.  and  an  inspira- 


tory pause  of  0.15  seconds.  During  VAPSV,  the  minimum 
set  flow  was  25  L/min,  and  the  pressure  limit  was  set  at  1  -2 
cm  below  the  PIP  during  VCV.  In  this  case,  initial  flow  up 
to  200  L/min  was  delivered  until  the  set  pressure  limit  was 
reached,  at  which  time  flow  began  to  decrease.  If  the  mini- 
mum set  Vj  ( 10  mL/kg)  had  not  been  delivered  when  flow 
diminished  to  25  L/min,  then  flow  was  held  constant  at  that 
value  until  the  target  Vx  was  reached. 

These  investigators  measured  respiratory  variables,  blood 
gas  values,  and  WOB  indices  during  40-minute  peiiods  of  ven- 
tilatory support.  The  results  from  this  study  are  shown  in  Table 
2.  Amato  et  al-'  found  that  VAPSV  reduced  the  WOB, 
expressed  as  joules/L.  by  almost  50%  [mean  (SD)  =  0.53  (0.48) 
vs  0.99  ( 1 .23 )  J/L]  compared  to  VCV,  reduced  airway  resis- 
tance, and  increased  dynamic  compliance.  The  authors 
attributed  this  to  the  higher  inspiratow  flow  with  VAPSV  |60 
(40)  vs  46  (8)  L/min],  which  resulted  in  a  larger  Vj,  shorter 
inspiratory  time,  and  reduced  auto-PEEP. 

Table  2.      Respiratory  Variables  Measured  during  Volume-Assisted 
Ventilation  ( VAV)  and  Volume-Assisted  Pressure-Support 
Ventilation  (VAPSV).  from  Amato  et  al"' 


Variable 


VAV* 


VAPSV 


p  Value 


V,.  L 

U.59 

(0.16) 

0.72    (0.23) 

<  0,02 

1.  breaths/min 

23.5 

(7.1) 

21,1       1(1,23) 

NS 

Ve.L 

13.6 

(4.1) 

14,2      (5,1) 

NS 

t|.  s 

0.79 

(0.12) 

0,76   (0,15) 

NS 

Vj/ti.  L/min 

46.0 

(8.4) 

59,6   (10,2) 

<0,01 

P„.  cm  H:0 

34.9 

(11.7) 

33,0   (11,6) 

NS 

Cdvn.rs.  mL/cm  H:0 

23.8 

(9.2) 

31,0   (16,1) 

<  0,05 

Ls.  cm  H2O   s   L 

46.7 

(15.3) 

}53    (19,7) 

<0,01 

WOB/L.  J/L 

0.99 

(1.23) 

0.53    (0.48) 

<0,03 

WOB/min.  J/min 

12.9 

(10.5) 

7.8     (6.5) 

<  0,05 

PTPb.  cm  H:0   s 

6.91 

(3.63) 

3.31    (2.83) 

<  0,05 

Pl,|.,r.cmH;0 

4.9 

(3.6) 

2.8     (2.1) 

<0,05 

Pni-es-cmHoO 

.S.O 

(4.2) 

2,5     (2.0) 

<0,10 

PaO;-  torr 

1S7 

(63) 

214      (57) 

NS 

Paco;.  torr 

41.4 

(6.7) 

38,9     (8,1) 

NS 

•Values  are  mean  (SD).  Vj  =  iidai  \»ilunic;  t-  brcaihing  trctjucncy;  T|  =  inspirato- 
r\  time;  P^  =  tracheal  pressure;  Cj^u-rs  =  dynamic  compliance  ol^  the  respiratory 
system;  Irs  =  inspiratory  resistance;  WOB  =  worl<  of  breathing;  PTPb  =  pressure 
lime  product/breath;  Pd  i-„  =  occlusion  pressure  at  100  ms  measured  in  the  trachea; 
P(i  i-L-s  =  occlusion  pressure  measured  at  100  ms  in  esophagus;  Pjo;  =  partial  pres- 
sure of  oxygen  in  arterial  blood;  Paco:  =  partial  pressure  of  carbon  dio.side  in  arte- 
rial blood. 


Amato  et  al-'  suggested  that  VAPSV  improves  patient- 
ventilator  synchrony  by  matching  ventilator  flow  output  to 
patient  demand  and  reduces  airway  pressures  by  delivery  of 
high  flow  during  e;uiy  inspiration  and  lower  flows  at  end  expi- 
ration. We  can  criticize  Amato  et  al's  woi'k  because  of  the 
relatively  low  peak  flow  during  VCV  (46  L/min)  and  the  sig- 
nificantly larger  Vj  delivered  during  VAPSV  (0.72  L  vs  0.59 
L).  a  237f  increase.  It  can  be  argued  that  if  Wj  and  inspira- 
tory flow  during  VCV  are  equiv  alent  to  that  during  VAPS, 
no  differences  would  be  seen.  However,  if  both  Vx  and  flow 
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are  increased  during  VCV.  PIP  rises  dramatically.  In  addi- 
tion, regardless  of  the  chosen  peak  flow  during  VCV,  fluc- 
tuating patient  demands  appear  to  be  better  met  by  VAPSV 
than  by  VCV. 

hi  a  recent  paper.-^  we  evaluated  a  commercially  available 
version  of  VAPSV  provided  by  the  Bird  8400STi.  Our  goal 
was  to  verify  the  findings  of  Amato  et  al,  while  attempting 
to  control  Vt  and  inspiratory  flow  during  VCV.  This  was 
accomplished  by  setting  the  pressure  limit  during  VAPSV  to 
provide  a  Vj  equivalent  to  VCV  and  by  attempting  to  match 
set  inspiratory  flow  to  patient  demand  during  VCV.  We  stud- 
ied 17  patients  during  4()-minute  periods  of  VCV.  VAPSV. 
and  a  second  period  of  VCV.  During  each  period,  respiratory 
variables  including  Vj,  frequency,  minute  ventilation.  PIP. 
auto-PEEP,  WOB,  pressure-time  product  (PTP).  and  transpul- 
monary  pressure  generated  durmg  the  first  100  milliseconds 
of  inspiration  (Po.i)  were  continuously  monitored.  Arterial  blood 
was  analyzed  for  blood  gas  values  and  pH  al  the  end  of  each 
40-minute  period. 

Results  from  our  study-'  are  shown  in  Tables  3  and  4.  We 
found  a  significant  reduction  in  PTP  with  VAPSV  compared 
to  VCV  (47  vs  73  cm  HiO  ■  s  •  min' )  and  statistically  sig- 
nificant reductions  in  Pq.i  and  esophageal  pressure.  A  trend 


toward  lower  auto-PEEP  and  WOB  during  VAPSV  did  not 
become  clinically  important.  Despite  our  attempts  to  main- 
tain constant  V  i  over  the  course  of  the  40-minute  study  period. 
Vt  drifted  upward  by  5%.  This  is  a  statistically  significant 
increase  but  may  have  little  clinical  impact.  However,  we  think 
this  is  an  important  observation,  in  that  as  patient  demands 
vary,  the  ability  to  increase  Vj  may  play  an  important  role 
in  controlling  the  sensation  of  breathlessness.-*' 

Our  study-'^  is  also  open  to  criticism.  We  attempted  to  study 
patients  during  uninterrupted  periods.  As  a  consequence,  the 
changes  in  patient  demand  typically  seen  as  a  result  of  pain, 
anxiety,  and  patient-care  procedures  were  excluded  from  our 
analysis.  We  believe  that  during  times  of  stress.  VAPSV  may 
prove  to  be  a  nn)re  valuable  technique  than  is  suggested  by 
the  results  of  our  study  of  resting  patients. 

We,  like  Amato  et  al.-'  have  le;uned  that  the  initial  set  pres- 
sure limit  should  be  less  than  PIP  and  is  best  approximated 
by  using  as  the  pressure-support  le\el  the  plateau  pressure  seen 
during  VCV.  We  also  found  thai  the  minimum  ilov.  setting 
can  affect  patient  synchrony.  We  set  the  minimum  flow  at  40 
L/min  as  compared  to  Amato  et  aPs  25  L/min.  We  believe 
it  is  important  to  ha\e  the  constant  flow  acti\ ate  eariicr  in  the 
inspiratory  cycle.  If  the  flow  is  set  too  low.  the  possibility  of 


Table  3.      Respiratory  Mechanics  Measurements  from  Study  of  Volume-Assured  Pressure-.Supported  Ventilation  by  Haas  el  al-' 


Variable 

V.,M* 

Vp, 

Vse,-: 

p  Value 

Pes.  cm  H^O 

12.2      (.^.61 

10.7      (4.11 

13.9     (5.4) 

a.c' 

PTPcmHiO   s  min' 

73       (59) 

47       (49) 

92      (78) 

a.  c 

Cjyn.mL/cm  HiQ 

64.7    (.S4.8) 

68.4   (65.5) 

68.4   (63.4) 

0.168 

R.w.cmH.Q   s  L  ' 

ILO      (6.5) 

12.3     (9.1) 

11.7     (8.0) 

0.175 

WOBp,„e„,.  J/L 

0.52    (0.34) 

0.43   (0.70) 

0.58   (0.60) 

0.079 

WOB,enula,orJ/L 

2.01    (0.81) 

2.16   (0.80) 

2.10   (0.81) 

0.288 

tl/t,o. 

0.30    (0.07) 

0.28   (0.07) 

0.30   (0.07) 

a 

Po,i.cmH:0 

2.27    (1.02) 

1.94   (1.31) 

2.65   (1.36) 

a 

•Values  are  mean  (SDl;  V,,,-,  =  venlilalor  set  flow  in  Baseline  I ;  V,,,  =  paiieiu-deieninned  tlowi  V,,,_;  =  ventilator  set  How  in  Baseline  2.  P„  =  esophageal  pressure;  PTP  - 
pressure  lime  product;  Cj,„  =  dynamic  compliance;  R„  =  airway  resistance;  WOB  =  work  of  breathing;  t,  =  inspiratory  time;  1,„,  =  total  length  of  respiratory  cycle;  P,,,  =  occlu- 
sion pressure  at  100  ms. 


Table  4.      Mean  (SD)  Values  lor  Ventilatory  Variables  from  Study  of  Volume-Assured  Pressure-Supported  Ventilation  h\  Haas  et  al-- 


Variable 


p  Value 


Vniax,  L/min 

54.2     (9.6) 

62.9   (10.1) 

54.9  (10.2) 

Ve,  L/nun 

11.8     (3.1) 

11.5     (3.2) 

12.7    (3.6) 

Vt,  mL 

816.0  (22.0) 

857.0   (23.0) 

812.0(22.0) 

f,  breath/min 

15.2     (5.6) 

14.5     (6.7) 

16.5    (6.4) 

PEEP,,  cm  H^O 

2.9     (1.8) 

2.5     (2.2) 

3.3    (2.8) 

PlP,cmH,0 

40.2  (10.5) 

40.6   (11.9) 

40.2  (11.9) 

P„w,  cm  HjO 

14.9     (5.5) 

15.6      (6.0) 

15.2    (6.0) 

a.  b.  c' 

a.  c 

a 

a,  c 

0.104 

0.084 

0.256 


•Values  are  mean  (SD);  V„,.|  =  ventilator  set  flow  in  Baseline  I ;  Vpj  =  patieni-deiemiined  flow;  V„,.2  =  ventilator  set  flow  in  Baseline  2.  V,„„  =  ma.\imum  How ;  V^  =  expira- 
tory flow;  Vt  =  tidal  volume;  f  =  breathing  frequency;  PEEPi  =  inuinsic.  or  auto-PEEP;  PIP  =  peak  inspiratory  pressure;  Pa>,  =  ainvay  pressure. 
'  a  =  p  <  0.05  using  repeated-measures  analysis  of  variance  (ANOVA);  b.c  =  p  <  0.0167  for  post-hoc  analysis,  b  comparing  \\^  Co  V,„_,.  and  c  comparing  Vpj  to  V,e,_.. 
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prolonged  inspiratory  time  and  air  trapping  is  increased.  A 
typiL'a!  set  of  flow  and  pressure  eur\es  for  VCV  and  VAPS 
are  shown  in  Figure  3.  Table  5  describes  VAPSV  operation 
with  varying  Mj. 
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Fig.  3.  Flow  and  pressure  waveforms  during  volume-controlled 
ventilation  and  volume-assisted  pressure  support  in  the  study  by 
Haas  et  al.  (Reprinted  from  Reference  25,  with  permission.) 


Table  5.      Chaiacleristics  ot  Vulume-Assisted  Pressure-Support  Breaths 
Based  on  Relationship  between  Delivered  and  Set  Minimum 
Tidal  Volume  from  Study  by  Haas  et  al-- 

Condition 
Variable  Delivered  Vj  >  Set  V ,  Delivered  Vj  <  Set  Vj 


Control 

Pressure 

Pressure  -^  Voluine 

Trigger 

Patient  (pressure  or  flow) 

Patient  (pressure  or  flow ) 

Limit 

Pressure 

Pressure  — >  Flow 

Cycle 

Flow 

Volume 

Maclntyre  and  others--*  evaluated  the  VAPSV  function  of 
the  Bear  1000  (so-called  Pressure  Augmentation)  in  a  lung 
model  at  varying  degrees  of  simulated  patient  demand.  They 
found  that  the  VAPSV-type  breath  allows  for  more  effective 
matching  of  ventilator  output  to  simulated  patient  demand  than 
traditional  VCV.  regardless  of  flow  wavefonn.  Figure  4  depicts 
five  simulated  breaths  during  Pressure  Augmentation.  The 
first  breath  is  a  mandatory  breath  delivered  to  the  passive  lung 
model;  the  second  breath  is  a  breath  delivered  at  the  same  Wj 
during  a  simulated  patient  demand  of  90  L/min.  The  ne.xt  three 
breaths  show  the  addition  of  5,  15,  and  25  cm  HiO  of  Pres- 
sure Augmentation.  As  pressure  is  increased,  the  waveform 
takes  on  a  more  normal  appearance  (similar  to  the  passive 
breath)  suggesting  improved  matching  of  ventilator  flow  deliv- 
ery to  patient  demand.  Maclntyre  et  al-"*  suggested  that  this 
breath  type  could  replace  both  volume-  and  pressure-controlled 
breaths  on  future  ventilators.  Clinicians  could  then  select  the 
VAPSV  breath  with  a  high  pressure-limit  to  provide  enhanced 
patient-ventilator  synchrony  or  at  a  lower  pressure  limit  to 
assure  constant  Vj  and  inspiratory  time. 

Although  few  clinical  trials  using  VAPSV  have  been 
reported,  this  breath  delivery  technique  appears  to  reduce  the 
WOB  and  improve  synchrony  while  being  easy  to  use  and 
relatively  free  of  complications. 
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Fig,  4.  Pressure  waveforms  during  volume-controlled  ventilation 
and  the  application  of  Pressure  Augmentation  (PA),  See  text  for 
details.  (Reprinted  from  Reference  24,  with  permission) 


Commercial  Systems  for  Dual  Control 

Both  the  Bird  8400STi  and  Bear  1000  allow  dual-control 
of  breaths.  The  840()STi  identifies  this  feature  as  VAPS  and 
the  Bear  1000  identifies  it  as  Pressure  Augmentation. 

Bird  8400STi:  The  VAPS  modification  of  the  8400STi 
allows  dual  breath  control  during  SIMV.  Assist/Control,  and 
PSV.  VAPS  is  activ  ated  by  depressing  the  membrane  pad 
labeled  VAPS,  and  the  clinician  is  alerted  to  VAPS  oper- 
ation by  a  light  above  the  membrane  pad.  During  VAPS  oper- 
ation, the  V|  control  sets  the  minimum  delivered  Vp.  and 
the  peak  tlow  represents  the  flow  to  be  delivered  if  the  Vj 
is  less  than  the  minimum  value.  The  pressure  support  con- 
trol is  used  to  set  the  pressure  limit.  As  the  pressure  suppoil 
level  is  increased,  initial  inspiratory  flow  becomes  higher 
and  Vp  larger. 

Figure  5  depicts  the  three  possible  types  of  breaths  deliv- 
ered during  VAPSV.  The  first  breath  (A)  represents  a  typi- 
cal, synchronous,  pressure-limited,  time-cycled  breath.  This 
type  of  breath  allows  for  improved  synchrony  but  cannot  guar- 
antee a  constant  Vj.  The  second  breath  (B)  shows  a  VAPSV 
breath  when  patient  demand  is  reduced.  The  pressure  suppoil 
level  is  25  cm  H:0.  the  peak  flow  is  set  at  40  L/min.  and  the 
desired  Vj  is  800  mL.  The  start  of  the  breath  shows  a  rapid 
increase  in  tlow  followed  by  an  initial  decrease.  When  flow 
decreases  to  the  pe;ik  tlow  setting  and  delivered  Vp  is  less  than 
set  Vx,  the  breath  transitions  to  a  volume-controlled  breath, 
and  flow  remains  constant  until  the  Vj  is  delivered.  Note  that 
as  flow  remains  constant,  peak  pressure  exceeds  the  pressure 
support  level.  In  Breath  C.  lung  compliance  is  reduced,  and 
the  breath  transitions  to  a  volume-controlled  breath  earlier  and 
requires  a  longer  inspiratory  time  to  reach  the  desired  Vy.  In 
this  situation.  PIP  is  higher  and  the  ratio  of  inspiratoi^-to-expi- 
ratorv  time  is  affected.  Caution  should  be  exercised  to  assure 
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that  sufficient  expiratory  time  is  provided.  In  Breath  D. 
increased  patient  demand  allows  a  Vj  greater  than  set,  and 
the  breath  is  a  pressure-limited,  tlow-cycled  breath  (pressure 
support).  The  pressure  support  level  is  adjustable  from  1  to 
50  cm  H2O,  and  the  peak  flow  setting  from  10  to  120L/min. 


Pressure  Augment 
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Fig.  5.  Waveforms  demonstrating:  A.  a  pressure-limited,  time-cy- 
cled breath;  B.  a  volume-assisted  pressure-supported  (VAPS) 
breath,  demonstrating  transition  from  pressure  to  volume  control; 
C.  a  VAPS  breath  demonstrating  transition  from  pressure  to  vol- 
ume control  due  to  reduced  lung  compliance;  and  D.  a  pressure- 
supported  breath  delivered  dunng  VAPS  when  delivered  Vj  is  > 
set  Vt. 


Be;ir  UXX):  The  Bear  1000  allows  dual  control  by  activating 
the  Pressure  Augmentation  function.  Pressure  Augmentation 
is  active  in  the  Assist/Control,  SIMV,  and  PSV  modes.  Pres- 
sure Augmentation  is  activated  by  pressing  the  PRES  .AUGMENT 
control,  .setting  the  PRHS  SUP/INSP  PRHS  control  to  the  desired 
level,  and  setting  the  minimum  Vj.  The  design  of  the  Pres- 
sure Augmentation  algorithm  is  similar  to  the  VAPSV  algo- 
rithm of  the  8400STi.  A  How  diagram  demonstrating  the  con- 
trol logic  of  the  Pressure  Augmentation  function  of  the  Bear 
1000  is  shown  in  Figure  6.-' 

Volume  Support  & 
Pressure-Rejjulated  Volume  Control 

Another  approach  lo  combining  pressure  and  volume 
breaths  has  been  accomplished  by  the  Siemens  300  venti- 
lator. These  tuo  techniques  are  not  new  modes  or  new  breath- 
delivery  types  but  simply  closed-loop  control  of  two  pres- 
sure-limited modes — pressure  support  and  pressure-limited, 
time-cycled  ventilation. 

Volume  Support 

Volume  support  (V.S)  is  pressure-supported  ventilation  that 
uses  Vt  as  a  feedback  control  for  continuously  adjusting  the 
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Fig.  6.  Flow  diagram  for  Pressure  Augmentation  function  of  the  Bear 
1000  ventilator.  (Repnnted  from  Reference  27,  with  permission.) 


pressure-support  level.  VS  is  selected  with  the  mode  selec- 
tor switch  and  the  desired  Vt  is  set.  The  ventilator  initiates 
VS  by  delivering  a  "test  breath"  with  a  PIP  of  5  cm  H:0  when 
a  patient  effort  is  sensed.  The  delivered  Vt  is  measured,  and 
total  system  compliance  is  calculated.  The  three  breaths  fol- 
low ing  are  deli\ered  at  a  PIP  of  TS'^'r  of  the  pressure  calcu- 
lated lo  deli\er  the  minimum  Vt-  Each  of  tlie  breaths  following 
uses  the  previous  calculation  of  system  compli;ince  to  manip- 
ulate PIP  to  achieve  the  desired  Vt.  From  breath  to  breath, 
ilie  maximum  pressure  change  is  3  cm  H:0  and  can  range  from 
0  cm  H2O  above  PEEP  to  5  cm  H2O  below  the  high-pressure 
alarm  setting.  Because  all  breaths  are  pressure-supported 
breaths,  cycling  nomialh  (xxurs  at  5%  of  the  initial  pciik  flow. 
A  secondary  cycling  mechanism  is  activated  if  inspiratory  time 
exceeds  809f  of  the  set  total  cycle  time.  A  schematic  of  vol- 
ume-supported operation  is  shown  in  Figure  7.  A  diagram 
demonstrating  the  control  logic  of  Nolume  support  is  shown 
in  Figure  8. 


300 


Respiratory  Care  •  April  '96  Vol  41  No  4 


Dual-Control  of  MV 


Respiratory 
Cycle 


Pressure 

5  cm  HoO 


nojJ)  ©        @  ®  ® 


Time 


W-vv-VV^ 


Time 


Fig.  7.  The  volume-support  mode:  first  breath  is  a  test  breath  with  a 
maximum  pressure  level  of  5  cm  H2O.  The  pressure  charnges 
breath  by  breath  until  pre-set  tidal  volume  (Vt)  is  obtained. 
Maximum  available  pressure  level  is  5  cm  H2O  below  pre-set 
upper  pressure  limit.  Breaths  are  delivered  with  the  pre-set  mini- 
mum volume  at  the  pre-set  frequency  and  during  pre-set  inspira- 
tion time.  When  measured  Vj  corresponds  to  pre-set  value,  pres- 
sure level  remains  constant.  If  measured  volumes  increase  above 
pre-set  minute  volume,  pressure  level  decreases  in  small  incre- 
ments until  pre-set  volumes  are  delivered.  The  ventilator  is  contin- 
uously adapting  the  inspiratory  pressure  to  changes  in  the  volume- 
pressure  relationship.  (Diagram  courtesy  of  Siemens). 
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Fig.  8.  Control  logic  of  the  volume-support  mode  of  the  Siemens 
300  ventilator.  (Reprinted  from  Reference  27,  with  permission.) 


Pressure-Regulated  Volume  Control  (PRVC) 

PRVC.  available  on  the  Siemens  300,  is  pressure-limited, 
time-cycled  ventilation  that  uses  Vj  as  a  feedback  control  for 
continuously  adjusting  the  pressure  limit.  PRVC  is  selected 
on  the  mode  selector  switch,  and  the  desired  Vj  is  set.  As  with 
volume  support,  a  test  breath  is  delivered,  and  total  system 
compliance  is  calculated.  The  next  three  breaths  ;ire  delivered 
at  a  pressure  limited  to  75'7r  of  that  necessary  to  achieve  the 


desired  Vx  based  on  the  compliance  calculation.  The  ensu- 
ing breaths  increase  or  decrease  the  PIP  at  <  3  cm  H2O  per 
breath  in  an  attempt  to  deliver  the  desired  Vj.  The  PIP  fluc- 
tuates between  0  cm  H2O  above  the  PEEP  level  to  5  cm  H2O 
below  the  upper  pressure-alann  setting.  Figure  9  is  a  flow  dia- 
gram for  PRVC  control  logic  and  Figure  10  depicts  the  pres- 
sure and  flow  waveforms  during  PRVC. 
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Fig,  9.  Control  logic  of  the  pressure-regulated  volume  control  mode 
of  the  Siemens  300,  (Reprinted  from  Reference  27,  with  permission.) 
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Fig.  10.  The  PRVC  mode;  patient  effort  initiates  a  test  breath  with  a 
maximum  pressure  level  of  5  cm  H2O.  If  the  support  is  not  enough 
to  give  adequate  tidal  volumes  (Vjs),  pressure  support  is  added 
stepwise.  IVIaximum  available  pressure  support  is  5  cm  H2O  below 
pre-set  upper  pressure  limit.  If  pressure  support  generates  vol- 
umes greater  than  the  pre-set  Vt,  pressure  support  is  lowered 
stepwise  until  satisfactory  volumes  are  achieved.  Every  breath  is 
initiated  by  patient  effort.  If  the  patient  has  the  capacity  to  breathe 
adequately  with  no  support,  the  ventilator  permits  true  sponta- 
neous breathing  with  monitoring  of  achieved  volumes.  If  the 
apnea-alarm  time  limit  passes  with  no  new  breath  triggered,  the 
apnea  alarm  is  activated  and  the  ventilator  automatically  switches 
to  mandatory  pressure-regulated  volume-controlled  ventilation 
(PRVC).  The  ventilator  continues  PRVC  until  the  apnea  alarm  is 
manually  reset;  then  it  returns  to  volume-supported  ventilation. 
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Clinical  Kxperience 

To  date  ( 1996).  no  published  studies  report  on  the  use  of 
either  VS  or  PRVC.  Both  these  modes  are  similar  to  manda- 
tory minute  ventilation  ( MM V)  except  that  Vj.  as  opposed 
to  Vh,  is  used  as  the  feedback  signal.  It  may  be  that  VS  allows 
patients  on  PSV  to  have  a  constant  Vj  and.  thus,  possibly  to 
wean  themselves.  As  patient  strength  and  effort  improve,  the 
ventilator  automatically  reduces  support.  On  the  other  hand, 
patients  might  reduce  their  efforts  and  the  ventilator  support 
might  increase  to  a  point  where  muscle  atrophy  develops  and 
weaning  is  delayed.  Cunent  therapy  of  PSV  typically  relies 
on  changes  in  respiratory  rate  and  V  i .  If  Vt  were  to  remain 
constant,  evaluation  of  patient  response  would  require  mod- 
ification. Both  VS  and  PRVC  require  clinical  evaluation. 

In  Summary 

Ventilator  manufacturers  have  attempted  to  answer  the  con- 
cerns of  clinicians  related  to  PCV  and  VCV  by  providing  dual 
control  of  breaths  or  by  using  closed-loop  control.  The  cur- 
rent literature  suggests  that  VAPSV  is  a  safe  and  effective 
method  to  improve  patient-ventilator  synchrony  and  reduce 
the  WOB.  However,  results  have  been  reported  in  only  17 
patients  ventilated  with  a  commercial  device.-'  -''  The  clin- 
ical utility  of  PRVC  and  VS  remains  to  be  elucidated. 
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Branson  Discussion 

Kacmarek:  When  wouldn  't  you  want 
to  use  pressure-limited,  solume-CNcled 
ventilation  (VAPSV)?  It  seems  to  me 
that  this  Just  makes  what  v\e  have  bet- 
ter, and  it's  dittkult.  as  you  well  know, 
to  set  flows  and  volumes  to  meet  patient 
demand  24  hours  a  day.  I  see  no  reason 
why — if  you're  going  to  choose  a  vol- 
ume target — that  you  would  not  use 
VAPSV.  I  mean,  it's  available.  I  think 
it  should  be  used  in  e\ery  single  patient 
you  ventilate  with  a  \ olume  target. 

Branson:  I  agree.  Bob.  but  then  I'll  give 
you  a  couple  of  reasons  why  you  might 
not.  Wlien  Carl  (Haas)  and  I  were  doing 
this  study.'  we  specifically  tned  to  make 
sure  that  before  we  made  any  measure- 
ments, we  set  tlie  flow  appropriately.  We 
tried  to  make  sure  that  the  patients  had 
no  auto-PEEP  and  no  flow  dyssynchrony, 
and  that  we  had  what  we  thought  was 
pretty  reasonable  matching  of  the  ven- 
tilator to  patient  demand.  But  I  think 
you're  absoluteK  right.  The  tlierapisi  ciui't 
sit  there  and  make  that  change  w  hen  the 
patient's  getting  a  bath,  when  the  patient's 
getting  an  x-ray.  when  the  patient's  seda- 
tion has  worn  off.  or  when  the  patient's 
sedation  is  excessive.  So.  1  think  there  are 
only  two  reasons  not  to  use  VAPSV — 
first,  you  can  lull  youi>elf  to  sleep  by  hav- 
ing it  on  all  the  time  and  end  up  with  a 
patient  always  getting  a  bigger  tidal  vol- 
ume than  you  wanted  on  pressure  sup- 
port, and  you  may  actually  get  to  a  point 
where  you've  unloaded  their  muscles  for 
too  long.  Second,  in  cases  of  radically 
reduced  impedance  because  of  pulmonary 
edema  or  because  of  bronchospasm.  you 
could  have  long  inspiratory  times  that 
could  lead  to  air  trapping.  But.  I  think 
other  alarms  would  be  acting  up  if  that 
were  the  case.  I  think  I  probably  agree 
with  you  that  if  it's  available  and  it's  just 
a  button  that  you  push  on  or  off.  there  is 
no  really  good  reason  not  to  use  it. 

I .  Haa;,  CF,  BranMin  RD.  Foil.:  LM.  Camp- 
tiell  RS.  Wise  CR.  Davis  K  Jr.  et  al. 
Patient-detemilned  inspiratory  flow  dur- 
ing assisted  mechanical  ventilation.  Respir 
Care  1995;40(7):716-721. 


Kacmarek:  I  think  the  limitations  that 
you've  just  described  are  important. 
There  are  problems  that  can  occur  w  ith 
any  patient  we  \entilate  if  you  don't  pay 
attention  to  what's  going  on.  Why 
should  we  e\ en  ha\ e  standard  volume- 
CNcled  breaths  on  the  \entilators — now 
that  we  ha\ e  this  approach  available? 

Maclntyre:  I'm  going  to  mostly  agree, 
but  maybe  clarify  just  a  little  bit.  When 
you  talk  about  the  combined  pressure- 
limited,  volume-cycled  mode,  people 
usually  think  of  it  as  being  used  in  two 
situations.  The  first  is  for  the  patient  to 
whom  you  want  to  give  total  mechan- 
ical support  to.  whom  we  traditionally 
give  volume  assist/control.  1  think,  under 
these  circumstances.  Bob.  that  I'm  in 
100%  agreement  with  you.  You  should 
think  of  this  approach  as  actually  just 
providing  rapid  variable  flow  instead 
of  the  usual  fixed  flow,  and  if  you 
believe  in  improved  alveolar  gas  mix- 
ing with  this  tlow  pattern,  that's  fine. 
It  certainly  is  going  to  be  more  syn- 
chronous. So.  under  those  circum- 
stances— applying  it  during  total  sup- 
port where  we  traditionally  use 
assist/control — it  just  makes  a  lot  of 
sense.  Our  approach  under  these  cir- 
cumstances is  usually  to  set  the  pres- 
sure limit  somewhere  near  the  plateau 
pressure.  I'm  less  clear  on  the  other  sit- 
uation in  which  people  talk  about  pres- 
sure-limited, volume-cycled  breaths 
being  used  as  a  "safety  net'  for  pressure- 
support  weaning.  The  idea  here  is  to 
have  the  patient  on  partial  support  when 
you're  trying  to  wean  with  pressure  sup- 
port. The  usual  approach,  of  course,  is 
just  to  drop  the  pressure  level.  However, 
with  this  breath,  the  volume-cycled  fea- 
ture functions  as  the  safety  net  so  that 
the  patient's  tidal  volume  can't  fall  out 
from  underneath  him.  On  the  surface, 
that  sounds  good.  But  if  you  think  about 
it.  I'm  not  so  sure  it  is  good  because 
what  it  means  is  that  as  you're  trying 
to  wean,  you  have  this  safety  net  that 
won't  let  tidal  volumes  go  below  a  cer- 
tain arbitrary  level,  and  you  may  never 
know  whether  they're  progressing  or  not 
progressing.  They'll  always  be.  if  you 


w ill.  caught  by  this  backup  tidal  volume. 
So.  I'm  less  clear  and  less  comfortable 
using  it  as  a  safely  net  for  pressure-sup- 
port weaning.  I  am  very  comfortable 
using  it  as  a  \  ariable-flow  approach  to 
total  support. 

Kacmarek:  1  didn't  mean  to  imply  that 
this  should  be  the  mode  of  choice  in  all 
patients  we  ventilate,  but.  if  you  choose 
a  volume-targeted  approach  to  venti- 
lation, for  whatev  er  reason.  I  see  no  rea- 
son to  choose  that  without  VAPSV,  if 
it  is  available. 

Maclntyre:  Respiratory  therapists 
sometimes  ask  How  on  earth  are  we 
going  to  get  physicians  to  go  along  with 
this,  and  how  do  we  get  the  order  writ- 
ten for  this?  My  approach  is:  don't  tell 
them  and  don't  ask  for  an  order.  TTie  rea- 
son I  say  that.  Bob,  is  because  I  think 
of  it  again  as  a  flow  adjustment.  Res- 
piratoiy  therapists  ordinarily  do  not  ask 
for  tlow  orders.  It's  usually  left  to  the 
discretion  of  a  good  respiratory  thera- 
pist to  set  the  tlow  pattern  during  vol- 
ume-targeted assist/control,  and  if  you 
think  of  this  pressure-limited  feature  on 
the  front  end  of  the  breath  as  just  being 
an  extension  of  that  tlow  setting  (ie, 
going  to  a  rapid  decelerating  flow  instead 
of  the  traditional  fixed  flow )  I  see  no  rea- 
son to  force  an  order  in  the  order  book 
for  that. 

Kacmarek:  Well,  of  course.  Neil.  I 
agree  with  your  comment.  We  had  the 
same  experience  when  we  started  to 
switch  from  pressure-triggering  to  flow- 
triggering.  The  most  difficult  thing  was 
the  use  of  the  term  flow-by.  which 
implied  a  mode,  and  it  was  very  diffi- 
cult to  ensure  that  staff,  particularly  res- 
idents, understood  what  you  were  talk- 
ing about. 

Branson:  I  hated  to  call  VAPSV  a 
mode — although  that's  really  what  peo- 
ple are  calling  it — because  you  can  use 
it  in  IMV.  You  put  the  patient  in  IMV, 
and  you  just  select  the  VAPS  button — 
on  or  off.  Tlien  you  adjust  the  pressure- 
support,  and  you're  still  delivering  l'*.iV 
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at  the  tidal  volume  that's  been  set  on  the 
ventilator.  So,  I  agree.  i"ni  not  so  sure 
that  it's  not  just  like  flow-triggering. 
Bob.  I  mean  I'm  not  so  sure  that 
VAP.SV  requires  an  order.  We  proba- 
bly ought  to  just  invoke  it  in  every  sin- 
gle circumstance  in  which  we're  trying 
to  get  constant-volume  ventilation. 

Peruzzi:  My  comment  lelates  to  what 
Neil  alluded  to  earlier.  When  we're 
thinking  ol'  using  pressure-suppoil  ven- 
tilation— and  we  use  it  a  great  deal  in 
weaning  patients  who  have  compliance 
problems  (recovering  ARDS  or  the 
like) — we  tend  to  pay  nn)re  attention 
to  respiratory  rate  as  an  indicator  of 
work  of  breathing  and  give  only  cur- 
sory attention  to  tidal  volumes.  We  use 
the  patient's  spontaneous  rate  to  tell  us 
how  to  titrate  the  level  of  pressure  sup- 
port. So,  while  I  agree  with  you  to  a 
large  extent,  that  VAPSV  is  a  flow 
maneu\er  and  doesn't  rec|uire  an  order 
to  implement,  I  do  think  that  it  requires 
appropriate  communication  and  dis- 
cussion with  the  clinicians,  so  that 
everyone  is  on  the  same  wavelength  and 
is  clear  as  to  w here  we  do  and  do  not 
want  to  take  a  volume-directed  ap- 
proach, and  make  certain  that  people 
are  doing  things  appropriately. 

Maciiitvre:  Bill.  I  think  we  arc  talknig 
about  twii different  things.  What  I  was 
referring  to  and  what  Bob's  refening  to 
is  when  you  have  a  patient  for  whom 
you  want  \i)lume-targeted  ventilation, 
it  makes  sense  to  add  the  combined  pres- 
sure-linuted.  volume-cycled  function. 
Moreover.  1  don't  see  a  reason  to  require 
an  order  for  it.  What  you're  describing 
during  the  weaning  process,  however, 
is  not  a  |"iuic.  \olume-largeletl  approach, 
and  I  agree  with  you  completely.  Res- 
pirator) rate  is  critical  antl.  in  fact,  if  you 
have  this  volume  safety  net  underneath 
patients,  then  tidal  volumes  may  never 
fall  low  enough  to  tell  you  that  they're 
not  ready  to  be  weaned  turther. 

Branson:  I  think  the  other  thing  that  we 
have  noticed  is  thai  if  \ou  invoke 
VAPSV  in  Iho  pressure-support  mode 


and  you  set  the  peak  nt)w  at  50  L/min. 
if  flow  rapidly  decelerates  to  the  fixed 
flow,  it  is  the  patient's  way  of  telling 
you  that  he's  getting  ready  to  exhale. 
When,  all  of  a  sudden,  the  ventilator 
stops  and  just  keeps  the  flow  constant, 
even  though  the  patient  may  be  want- 
ing to  exhale,  you  actually  see  some 
patients  become  v\  ide-eyed  as  if  to  say, 
"Oh  my  God,  w  hat  hapiXMied  to  the  ven- 
tilator— I'm  not  in  control  any  more." 
So,  I'm  much  more  comfortable  with 
VAPSV  in  the  volume-control  mode 
than  I  am  as  a  backup  to  the  pressure- 
support  mode. 

Haas:  When  you  notice  that  the  preset 
VAPS  flow  regularly  turns  on.  do  you 
make  adjustments  to  minimize  this 
occurring — such  as  increasing  the  pres- 
sure-support lev  el  or  decreasing  the  set 
flow  rate? 

Braiison:  Well,  in  volume-control,  if  you 
notice  that  the  flow  keeps  squaring  off 
to  make  sure  the  tidal  volume  is  deliv- 
ered, should  you  just  increase  the  pres- 
sure-support lev  el  to  make  all  the  breaths 
more  like  pressure-support  breaths'.' 

Haas:  \'es.  and  should  you  also  consider 
decreasing  the  flowrate  at  which  VAPS 
cycles  on.  so  that  it's  more  like  a  pres- 
sure-support breath' 

Branson:  We  talked  about  some  of  this 
during  the  study.'  If  you  see  it  happen- 
ing all  the  time — on  even  single  breath, 
the  continuous  flow  is  being  invoked — 
that  suggests  to  me  that  maybe  you 
ought  to  increase  the  VAPSV  or  pres- 
sure-augmentation level  to  further  reduce 
the  work  of  breathing.  If  you  decrease 
the  set  minimum  How  limit.  I'm  not  sure 
w  hat  the  effect  would  be. 

I  I  laas  CI-.  BiaiisDii  RD.  lolk  I  .M.  Camp- 
bell RS.  Wise  CR.  Davis  K  Jr.  cl  al. 
I'alienl-ilctcrniincil  iiispiralon  tlou  dur- 
ing assisted  mechanical  xentilation.  Respir 
Care  199.'i:40(7);716-72l. 

Maclntyre:  1  recommend  raising  the 
pressure  limit,  rather  than  lengthening 
the  inspiration.  I  think  the  problem  \ou 


run  into,  w  hen  people  do  set  the  inspi- 
ratory flow  very,  very  low,  is  an  inspi- 
ratory time  that  can  be  quite  long.  You 
shouldn't  run  into  too  much  problem 
with  air  trapping  if  your  inspiratory  time 
and  flow  settings  are  in  more  conven- 
tional ranges. 

East:  Maybe  I'm  naive,  but  explain  the 
advantages  and  disadv  antages  of  the 
\olume-support  approach  that  Siemens 
tcxik  as  opi-Kised  to  the  VAPSV  approach 
that  Bird  look.  What  are  the  pros  and 
cons?  You  seem  to  believe  that  VAPS 
is  better  than  \olume-support. 

Branson:  Maybe  1  do.  Maybe  that's 
because  I'm  used  to  it.  and  I've  never 
used  volume-support.  1  think  that  VAPS 
and  Pressure  Augmentation  are  really 
changing  breath  delivery,  whereas,  vol- 
ume-sup[x>rt  and  pressure-regulated  vol- 
ume control  are  just  simply  increasing 
or  decreasing  the  pressure  limit. 

East:  Yes,  but  they  also  change  the 
peak  flows. 

Branson:  I'm  not  sure  that  is  true.  Tom 
(East) — that  the  peak  flow  always 
changes  just  because  you  increase  the 
pressure.  1  don't  know  that  one  is  bet- 
ter than  the  other,  and  the  problem  is 
there's  no  literature  on  volume-support 
or  pressure-regulated  volume-control. 
It's  just  simply,  pressure-regulated  vol- 
ume-control and  volume-support.  It's 
analogous  to  having  me  stand  there  and 
watch  the  tidal  volume  signal  and  turn 
it  up  or  turn  it  down,  which  is,  I  think, 
a  little  different  from  the  breath-deliv- 
eiT  techniques  that  we're  talking  about. 
If  all  of  a  sudden  the  patient's  demand 
for  flow  and  pressure-regulated  volume 
control  were  to  double,  and  I  can  only 
increase  the  pressure  in  ?i  cm  H^O  incre- 
ments, then  by  the  time  I  meet  the 
patient's  demand,  demand  may  be  back 
down  again.  That  may  be  a  little  bit  of 
the  pioblem. 

East:  But.  that  can  also  be  an  ad\  antage. 
You  may  not  want  to  respond  to  those 

transient  demands. 


304 


Respiratory  Cari^  •  April  '96  Voi,  41  No  4 


Branson  Discussion 


Kacmarek:  Bui,  I  think  you  do.  You 
have  a  dyssynchronous  patient-ventilator 
system  if  you  don't.  What  yon  tnily  ha\e 
with  VAPS  is  a  \olume-targeted  hieath 
where  your  primary  interest  is  main- 
taining consistent  tidal  volume  delivery; 
whereas,  with  \olume-suppoil.  your  pri- 
mary interest — the  \ariable  that's  tar- 
geted— is  the  pressure-support  le\el. 
Tidal  volume  is  a  secondary  variable 
with  \olume-support.  You  adjust  the 
pressure-support  le\el  as  tidal  volume 
vajies.  but  you  are  not  guaianteed  a  con- 
stant tidal  volume.  With  VAPS,  you  are 
guaranteed  a  constant  tidal  \  olume.  So. 
it  really  depends  on  your  focus.  These 
manufacturers  just  came  at  it  from  two 
different  approaches — one  focusing  pri- 
marily on  pressure  and  the  other  one 
focusing  primarily  on  \  olume. 

East:  But  VAPS  doesn't  guarantee  a 
constant  value.  It  guaiiuitees  a  nuuiinwn 
volume,  right? 

Kacmarek:  E.xactly.  But  you  can 
exceed  it. 

East:  Yes.  you  can  exceed  it.  So  that's 
another  difference,  pro  or  con.  I  guess. 

Kacmarek:  Again,  it  looks  at  the  vol- 
ume. Tlie  primary  target  of  VAPS  is  vol- 


ume. \v  hereas  w  ith  \ olume-suppoil.  the 
primar\  target  is  pressure. 

East:  Well,  it's  also  \olume.  The  dif- 
ference vvitlT  \  olume-supixiii  is  that  if  you 
are  above  the  desired  \olume.  it  would 
turn  dow  n  the  pressure-support  level. 

Kacmarek:  That's  true. 

East:  I  don't  know  whether  it's  good  or 
bad.  but  it's  a  difference. 

Kacmarek:  Neither  do  I.  There  are 
no  data. 

Branson:  1  don't  know  either.  I  think 
my  sentiment  is  that  probably  one  really 
is  tnily  a  mode  or  a  breath-deli\eiy  tech- 
nique that  can  be  either  strictly  pressure 
or  strictly  volume,  depending  on  the 
patient's  needs  at  that  breath  moment. 
The  other  one  is  not  really  a  new  breath- 
delivery  technique.  It's  just  pressure- 
support  and  it's  just  pressure-control 
with  a  closed-loop  algorithm  based  on 
tidal  volume. 

East:  I  think  a  lot  of  it  is  semantics.  You 
could  argue  that  VAPSV  is  nothing  but 
pressure  support  augmented  by  constant- 
flow  if  volume  is  low.  It's  not  a  big  deal, 
from  a  technologic  point  of  view. 


Branson:  I  think  it's  technically  dif- 
ferent from  any  other  breath  that  we 
have.  It  changes  on  a  breath-to-brealh 
basis.  One  breath  can  be  a  totally  pres- 
sure-supported breath,  one  breath  can 
be  pan  pressure-support  w  ith  a  \  olume 
cycle.  Again,  this  is  just  in  terms  of 
describing  new  breath-deli\ery  tech- 
niques. That  /,v  a  new  brealh-deli\'ery 
technique,  whereas  pressure  suppoil  is 
pressure  support.  If  you  "close-loop'  it. 
that's  new,  and  it  may  be  ad\'antageous, 
but  it's  not  a  new  breath-delivery  tech- 
nique. I  guess  that  was  my  point. 

Maclntyre:  Rich.  1  think  the  important 
point  is  that  there  are  more  similarities 
than  differences.  The  reason  1  say  that 
is  because  both  techniques  are  try  ing  to 
utilize  features  of  a  pressure-limited 
breath  and.  at  the  same  time,  give  you 
some  type  of  volume  guiuantee.  Whether 
you  do  it  the  Servo  (Siemens)  way, 
which  is  to  adjust  it  gradually  over  sev- 
eral breaths,  or  whether  you  use  it  the 
Bird  and  Bear  way,  which  is  to  do  it  on 
that  particular  breath.  I'm  not  sure  how 
much  difference  there  really  is.  Again, 
I  think  the  message  from  this  particular 
discussion  is  that  there  are  more  simi- 
kuities  than  there  are  differences,  at  least 
in  conceptual  approaches  to  this  prob- 
lem, anions  these  3  ventilators. 
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Introduction 

Despite  the  continuous  growth  ot Dur  knov\  ledge  and  skill 
ill  treating  acute  respiratory  distress  syndrome  (ARDS)  in 
adults,  the  mortality  rale  has  remained  at  greater  than  609^ 
ihriHigh  the  past  1 5  to  20  yeiirs.' "  Management  strategies  for 
mechanical  ventilation  have  played  a  central  role  in  the  sup- 
port of  these  challenging  patients,  hut  the  conventional  prac- 
tice of  ventilating  with  large  tidal  volumes  necessitating  high 
inflation  pressures  to  maintain  near-normal  arterial  bUxxl  gases 
has  been  shown  to  cause  severe  lung  injury.'"  Newer,  pres- 
sure-limited ventilatory  strategies'"  appe;ir  promising  but  have 
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yet  to  demonstrate  widespread  changes  in  complication  rates 
and  patient  surv  ival.  The  failure  to  consistently  prevent  com- 
plications and  improve  survival  has  stimulated  other  inves- 
tigators to  exploie  altemaii\  e  fonns  of  support  to  improve  oxy- 
genation and  ventilation.'    " 

Technologic  advances  of  the  197()s  allowed  introduction 
of  several  extracorporeal  and  intracorpt)ieal  techniques  tor 
improving  oxygen  delivery  in  an  allempt  to  minimize  the  dele- 
terious effects  of  mechanical  ventilation.  The  term  extra- 
coiporeal  support  describes  de\  ices  for  gas  exchange  outside 
the  body  and  includes  two  basic  techniques;  extracorporeal 
membrane  oxygenation  (ECMO)  and  low -frequency  posi- 
ti\e-pressure  ventilation  v\ ith  extracoipoieal  carbon  dioxide 
removal  (LFPPV-ECCO:R).  Intracorporeal  support  requires 
the  surgical  implantation  of  mechanical  devices  within  the 
bod\  for  augmentation  of  blood  gas  transfer  in  patients  with 
reversible  respirator)  failure.  Several  types  of  iniracoqioieal 
devices  have  been  proposed:  first  and  most  well  known  is  the 
intravascular  oxygenator  ( IVOX  I,  which  is  placed  inside  the 
lumen  of  a  large  blood  vessel  (vena  cava):  others  involve  in- 
situ  replacement  of  natural  lung  using  right-ventricle-driven 
lung-bypass  de\  ices  or  ;irteriovenous  shunt  exchangers,- 'The 
IVOX  is  llie  most  thoroughly  researched  iiitracoiporeal  device. 
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and  lahoialoiA  and  luimaii  clinical  liials  ha\c  been  completed 
\s  ith  it.  The  other  intracoiporeal  devices  remain  experimental 
and  limited  to  bench  or  animal  investigation.  In  this  paper. 
I  review  the  clinical  practice  and  patient  outcomes  of  intra- 
corporeal and  extracorporeal  support  for  adults  with  ARDS 
and  provide  readers  with  information  that  should  help  them 
determine  v\hether  such  methods  of  oxygenation  support 
should  be  considered  for  their  patients. 

Extracorporeal  Membrane  Oxygenation 

Extracorporeal  support  for  acute  respiratory  failure  was 
first  introduced  in  the  late  l%()s  and  early  197()s.-^  -'  ECMO 
is,  typically,  high-tlow  cardiopulmonary  bypass  modified  for 
long-tenn  patient  support.  The  primary  goals  of  ECMO  are 
an  immediate  improsement  in  arterial  oxygenation  and  pro- 
vision of  lung  rest  to  facilitate  recovery.  In  1974,  the  National 
Heart,  Lung  and  Blood  Institute  sponsored  a  prospective  ran- 
domized multicenler  trial  comparing  ECMO  to  conventional 
mechanical  ventilation  in  patients  with  ARDS.  The  results 
demonstrated  no  difference  in  patient  outcome.-^  However, 
the  number  of  adult  ECMO  cases  has  increased  steadily  in 
the  last  9  years,  due  in  piirt  to  the  success  of  neonatal  ECMO 
and  the  transfer  of  neonatal  skills  and  knowledge  into  adult 
critical  care  practice.  As  of  July  1995.-^  a  total  of  197  adult 
cases  had  been  reported  to  the  International  Extracorporeal 
Life  Support  Organization  (ELSO).  This  number  is  dwaifed 
by  the  10.391  neonatal  cases  reported.  Tables  1  and  2  sum- 
maiize  the  data  on  adult  cases. 

'lahle  I        .-\dull  ECMO  Case  Data  from  ihc  liuematioiial  Exlra- 
corpoieal  Lite  Support  Oigani/alion — July  lyy.s'^ 


Tatile  2.       .Adull  Cases  tiy  Diagnosis— Adult  HCMO  Case  Data  lioni  the 
International  E.xtraeoiporeal  Lite  Support  Organization — July 


Year  on 
ECMO 


Total 


Cumulative 
Total 


No.  Survived 


<1986 

2 

T 

0     (0) 

1987 

1 

3 

1(100) 

1988 

9 

12 

1  (II) 

1989 

4 

16 

2   (.SO) 

1990 

18 

34 

10  (.'^6) 

1991 

25 

59 

7   (28) 

1992 

33 

92 

14  (42) 

1993 

28 

120 

11   (39) 

1994 

56 

176 

26  (46) 

1995 

21 

197 

8  (38) 

Technical  Description 

ECMO  systems  consist  of  a  blood  pump,  membiane  oxy- 
genator for  oxygenation  and  carbon  dioxide  removal,  heat 
exchanger  to  wanii  the  bkxxJ,  and  a  servo-controlled  flow  mod- 
ule to  regulate  pump  speed  in  response  to  changes  in  patient 
venous  return.  Equipment  selection  and  configuration  vary 
by  institution  and  patient  size,  as  does  choice  of  site  for  can- 
nula placement.  A  disposable  polyvinyl  plastic  circuit  is  piimed 


Primary  Diagnosis 

Total 

No.  Survived  C/t) 

Bacterial  pneunioma 

25 

9(36) 

V  ual  pneumonia 

21 

14(67) 

IntrapulmonaiA  hemo 

rrhage 

1 

0    (0) 

Aspiration 

8 

3  (38) 

ARDS 

52 

26(50) 

Other  respiratory 

32 

16(50) 

Pre/post  transplant 

17 

5  (29) 

Mitral  vaKe  replacement 

2 

0    (0) 

Other  eanliac 

39 

7(18) 

sequentially  with  carbon  dioxide,  crystalloid,  albumin,  and 
fresh  banked  blood.  The  acid-base  status  and  blood  gas  con- 
tent of  the  blood  used  to  prime  the  circuit  ate  balanced  to  that 
of  the  patient,  with  the  exception  of  an  elevated  partial  pres- 
sure of  oxygen  (P;,(),l.  The  circuit  blood  and  the  patient's  blood 
are  heparinized  to  prevent  clotting.  Operativ  e  sites  are  selected 
and  prepared  for  surgical  placement  of  bypass  cannulas.  After 
the  cannulas  are  sutured  in  place,  the  venous  rettini  and  arte- 
rial lines  of  the  circuit  are  attached,  using  a  bubble-free  tech- 
nique. Patient  venous  blood  is  drained  by  gra\  ii\  into  the 
venous  side  of  the  ECMO  circuit,  where  it  mixes  with  the  prim- 
ing blood  as  it  is  pumped  through  the  membrane  oxygena- 
tor (iutitlcial  lung)  and  into  the  heat  exchanger  before  return- 
ing to  the  patient. 

Veno-arterial  (V-A)  or  \eno-venous  (V-V)  routes  may  be 
selected,  depending  upon  patient  size  and  need  for  cardio- 
vascular support.  Adult  V-A  ECMO  is  recommended  for  those 
patients  who  require  cardiac  support  or  interhosptial  trans- 
port on  extracoiporeal  life  support  (ECLS).  Venous  blood  is 
drained  from  the  femoral  vein  and  returned  to  the  patient  via 
the  light  common  ccuotid  ;ulety.  The  advantages  of  V-A  ECMO 
include  ( 1 )  provision  of  full  ctirdiac  support;  (2)  rapid  improve- 
ment in  oxygenation  and  perfusion;  {?>)  provision  for  lung  rest 
as  consequence  of  reduction  of  ventilator  settings;  and  (4)  high 
arterial  saturations.  Patients  who  require  V-A  ECMO  for  left 
ventricular  (LV)  failure  must  have  a  left  atrial  drain  placed 
to  decrease  LV  preload  and  facilitate  ventricular  recovery.  Dis- 
advantages of  V-A  ECMO  include  ( 1 )  the  need  for  ligation 
or  repair  of  carotid  artery;  (2)  the  nonpulsatile  blood  flow  that 
alters  perfusion  of  vital  organs;  (3)  the  potential  for  systemic 
embolization;  (4)  the  reduction  of  pulmonary  blood  flow  that 
may  delay  lung  recovery;  (5)  the  risks  of  carotid  ligation  or 
vascular  reconstruction;  and  (6)  the  fact  that  reduction  in 
myocardial  oxygen  deliveiy  may  result  in  cardiac-stun  pathol- 
ogy.-'' (Cardiac  stun  is  a  transient  loss  of  ventricular  contri- 
bution to  cardiac  output  during  ECMO  and  is  associated  with 
a  higher  mortality  rate  than  thai  seen  in  ECMO  patients  with- 
out cardiac  stun.) 
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Paiic-nts  vMih  puie  lespiiator)'  failure  arc  tisitall)  suppuncd 
w  itii  V-V  ECMO.  Because  V-V  ECMO  provides  gas  exchange 
support  only,  palienis  with  severe  hcinodynamic  insiahilily 
and  left  venuiciiiar  tailure  sinuild  not  be  cunsidcicd  ior  V-V 
ECMO.  A\dull  V-V  ECMO  patients  ate  cannulated  via  the 
femoral  and  the  right  intctiial  jugtiku-  \eins.  'Iliis  configuration 
results  iti  mixing  of  oxygenated  circuit  bicHxi  w  itii  deoxygenatcd 
patient  blood  in  the  right  atrium,  producing  arterial  satura- 
tions of  S()-S5' f .  Increasing  ECMO  flow  in  this  circumstance 
does  not  increase  right  atrial  oxygenation  and  may  increase 
recirculation  of  inflow  blood.  V-V  patients  have  lower  sys- 
temic oxygen  saturations  until  lung  recovery  occurs  and  with 
it  a  progressive  increase  in  oxygenation  of  pulmonary  blood 
flow.  Systemic  saturations  of  80-85%  are  less  well  tolerated 
by  adults,  ;uid  \cntilatory  viuiables  must  be  maintained  at  higher 
levels  than  those  iisetl  in  V-A  ECMO.  The  increase  in  right- 
atrial  oxygen  saturations  and  the  pulsatile  blood  flow  present 
with  V-V  ECMO  may  enhance  pulmonary  p;irenchymal  recov- 
ery."' The  advantages  of  V-V  ECMO  include  ( 1 1  sparing  of 
the  carotid  artery;  (2)  preservation  of  pulsatile  blood  flow; 
( }  I  a\  oidance  of  h\  pcroxia  and  stunned  mytx:;u-dium:  (4)  con- 
tuRicd  perfusion  of  heart  and  lungs  with  oxygenated  blood. 
which  may  speed  recovery;  (5)  avoidance  of  systemic  emboliza- 
tion. Disadvantages  of  V-V  ECMO  include  ( 1 )  provides  no 
cardiov  ascular  support;  (2)  prevents  accurate  as.sessmenl  ot 
true  \enous  saturation  liecause  of  partial  recirculation  in  ECMO 
circuit;  (3)  limits  systemic  oxygen  saturations;  (4)  is  associated 
with  limited  clinical  experience  as  compared  to  W-.\  ECMO; 
(5)  is  associated  v\  ith  the  possible  deleterious  effects  of  jugu- 
lar venous  ligation  while  ipsilatcral  carotid  flow  is  maintained; 
and  (6)  does  not  facilitate  total  lung  rest  because  of  the  need 
for  higher  \cntilaior  settings."'-"  Conversion  from  one  form 
of  ECMO  to  the  other  to  optimize  patient  support  is  possi- 
ble, but  it  creates  an  additional  potential  for  bleeding  at  the 
new  cannulaiion  sites.  Table  3  compares  V-A  to  V-V  ECMO. 
I'igurc  I  illustrates  a  typical  adult  V-A  ECMO  circuit. 
Arrows  indicate  the  flow  of  blood  as  it  leaves  the  patient  and 
passes  through  the  ECMO  systein.  Note  that  the  venous  can- 
nula (located  in  the  inferior  vena  cava)  has  multiple  side  pons 
to  promote  venous  drainage.  Adults  may  re(.|uire  two  large 
(4. .5  in-  each)  membrane  oxygenators  connected  in  series  or 
parallel,  as  illustrateil  here,  to  provide  sulf'icient  surface  area 
tor  gas  exchange.  Heparin,  nutrients,  medicatiiins.  and  other 


liquids  can  be  added  to  the  ciicuit  at  the  Luer-Lok  connec- 
tions. In-line  continuous  blood-gas  or  oxygen-saturation  mon- 
itors iire  used  to  assess  the  patient  (venous  limb)  and  the  oxy- 
genator (arterial  limb).  Pressure  monitors  are  added  at  var- 
ious sites  in  the  circuit  to  increase  safety.  Pump  flow  is 
servo-regulated  to  the  venous  return  pressure  of  the  patient, 
in  the  venous  limb  of  the  circuit.  Tlie  integrity  of  the  oxygenator 
is  assured  by  maintaining  pressure  diftcrences  across  the  entry 
and  exit  ports  of  the  oxygenator.  The  blood  is  wanned  to  body 
lemiierature  via  the  heat  exchanger  by  a  countercurrent  water 
bath  and  then  returned  to  the  patient.  Figure  2  illustrates  a  typ- 
ical adult  V-V  ECMO  circuit.  Blood  is  drained  from  the  supe- 
rior vena  cava  and  returned  via  the  femoral  v  cin. 


Arterial 


Fig  1.  Veno-artenal  bypass  in  an  adult  utilizing  the  femora!  vein 
(cannula  inserted  to  the  level  of  the  inferior  vena  cava)  as  the  ve- 
nous out-flow  tract  and  the  femoral  artery  as  the  arterial  in-flow 
tract.  Note  the  distal  cannulation  of  the  femoral  artery  to  provide 
blood  flow  to  the  leg  beyond  the  cannula  insertion  site.  The  adult 
need  for  increased  surface  area  for  gas  exchange  is  illustrated  as 
two  membrane  oxygenators  connected  in  parallel. 


Tahic  .^.      Dillerences  hclween  Veno-.Arcerial  and  V  eno-Vcnous  F.CMO 
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Fig.  2.  Veno-venous  bypass  in  an  adult  utilizing  the  superior  vena 
cava  as  the  venous  outflow  tract  and  the  femoral  vein  (cannula  in- 
serted to  the  level  of  the  infenor  vena  cava)  as  the  artenal  in-flow 
tract.  No  distal  cannulation  is  required  with  this  technique. 


Clinical  Management 

ECMO  is  indicated  for  patieni.s  w  ith  reversible,  severe  res- 
piratory failure  unresponsive  to  maximal  medical  therapy.  Can- 
didates should  have  reasonahie  prospects  for  a  meaningful 
quality  of  life  following  ECMO  support.  The  9(y/f  moilaliiy 
risk  level  has  been  suggested  as  the  adult  entry  criterion  for 
ECMO  by  the  Michigan  ECLS  group  in  their  Phase-1  trial  of 
adult  ECMO.'-  The  clinical  description  ot  patients  who  have 
reached  the  909c  mortality  risk  group  is  difficult.  Each  insti- 
tution must  review  its  patient  population  to  determine  the  char- 
acleristics  of  its  patients  who  have  a  predicted  mortality  of 
90%,  given  the  patient  population  and  the  critical  care  man- 
agement strategies  employed.  Table  4  summarizes  the  Michi- 
gan Adult  ECMO  inclusion  and  exclusion  criteria.-'^ 

V-A  ECMO  flow  is  maintained  at  100-150  mL/kg  flow  or 
approximately  80%  of  the  predicted  cardiac  output  (CO.). 
Oxygen  delivery  (Dq:)  is  a  function  of  the  percent  bypass 
received  by  the  patient,  arterial  oxygen  saturation  (SaO:)-  and 
hemoglobin  oxygen  content  (C;,o:)  of  the  circuit-patient  sys- 
tem (Dq:  =  CaO:  X  CO.).  A  lung-rest  ventilatory  strategy  is 
employed  and  consists  of  increased  PEEP  to  maintain  end- 
expiratory  lung  volume  while  tidal  volume,  peak  inspiratory 
pressure,  fractional  concentration  of  inspired  oxygen  (Fiq,), 
and  rate  are  decreased  to  reduce  risk  of  ventilator-induced  lung 
injury.  The  partial  pressure  of  carbon  dioxide  (Pco;)  in  the 


Table  4.      Selection  Criteria  lor  Cardiorespiratory  Failure  in  .Adults  with 
yo'i  or  Greater  Mortalils  Risk-' 

Indications 

Optimal  conventional  therapy 

Transpulnionary  shunt  >  i09c 

Static  compliance  <  0.5  mL  ■  cm  H2O"'  ■  kg"' 

Diffusely  ahnormal  chest  x-ray  {4-quadrant  disease) 

(Cardiac  failure  or  cardiac  airest) 

Contraindications 
Age  >  60  y  ears 

lOuration  of  \  entilation  >  ,^-7  days 
Incurable  condition 
Potential  for  .severe  bleedinc 


arterial  limb  of  the  ECMO  circuit  is  adjusted  by  manipulat- 
ing the  ga.s  composition  and  flow  to  the  membrane  oxygenator. 
During  V-V  ECMO.  flow  is  maintained  at  100  mL/kg.  Do, 
remains  dependent  upon  CO.  and  Cao,:  however,  manipu- 
lations in  pump  flow  may  not  have  as  direct  an  influence  on 
Do:-  Improvements  in  tissue  oxygenation  dunng  V-V  ECMO 
are  best  acliie\ ed  by  increasing  hemoglobin  le\els  and  SaO:-" 
Ventilator  settings  are  adjusted  to  maintain  adequate  arterial 
blood  gas  values  in  the  patient  and  are  generally  higher  than 
those  used  in  V-A  ECMO. 

A  heparin  infusion  is  continuously  tiuated  to  maintain  acti- 
vated clotting  times  ( ACTs)  from  160-180  seconds'-  to  pre- 
vent clotting  ol  the  ECMO  circuit  or  embolus  formation  in 
the  patient.  Hematocrit  and  clotting  factors  are  maintained 
by  blood-product  transfusion.  Coagulation  is  managed  by 
transfusion  of  platelets  (levels  mainiained  at  >  100.000- 
150.000/mm-')  and  fresh  frozen  plasma  or  cryoprecipitate. 
Intractable  bleeding  may  be  coirected  by  surgical  intervention, 
with  revision  of  the  cannulation  site.  Nutrients  are  pro\ided 
early  via  total  parenteral  nutrition  and  lipid  administration 
to  facilitate  healing.  Patients  are  initially  paralyzed  and  sedated 
for  surgical  or  percutaneous  caiuiula  placement  but  then  are 
maintained  on  sedation  levels  that  facilitate  neurologic  exam- 
inations and  patient  movement. 

ECMO  support  is  reduced  as  lung  recovery  occurs  and 
demonstrable  improvement  occurs  in  mixed  venous  oxygen 
saturation.  PaCO:-  hemodynamic  status,  and  urinary  output. 
Trials  off  of  ECMO  with  the  patient's  circulation  temporarily 
clamped  out  of  the  ECMO  circuit  assist  clinicians  in  deter- 
mining the  degree  of  conventional  ventilation  and  inotropic 
suppoil  required  to  maintain  adequate  tissue  oxygenation.  Ven- 
tilator modes  and  settings  are  examined  daily  to  maximize 
static  compliance  and  minimize  volume  overdistention  and 
peak  intfalion  pressures.  Therapeutic  bronchoscopy  may  be 
pertbrmed  to  correct  identified  areas  of  lobar  collapse.  Adults 
are  considered  fordecannulation  when  F|o,  is  <  O.-'iO.  static 
compliance  is  35-40  mL7cm  H2O.  Pjo,  >  l(X)  ton-,  and  inotropic 
infusion  is  <  lO^ug/kg/min.'-  Cannulas  are  surgically  removed 
from  the  blood  vessels,  and  heparinization  is  discontinued. 
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Surgical  repair  DtllK'camuilated  blood  vessels  nia\  or  may 
not  be  attempted  depending  upon  ilie  miegniy  ot  the  inser- 
tion site,  vessels  chosen,  and  risk  lor  complication. 

ECMO  complications  may  be  classil'ieil  as  technical  or 
patient  related  and  are  snmmari/ed  in  Table  >.  Although  the 
equipment  and  circiut  design  are  simple,  technical  compli- 
cations or  failures  may  be  lile-lhreatenmg  if  lung  recovery 
is  not  adequate  to  sustain  tissue  t).\ygenation  con\entionall\ 
during  a  technical  repair  of  the  ECMO  system.  Bleeding,  as 
a  result  of  hepaiuii/ation.  has  been  reported  by  Anderson  et 
aP-  to  be  the  most  common  patient  complicalion.  occurring 
in  889r  of  their  patients.  No  estimates  of  daily  blood  loss  were 
given,  but  two  patients  died  from  intractable  bleeding.  Organ 
system  failure  was  the  second  most  commonly  reported  com- 
plication, with  renal  failure  and  neurologic  complications  lead- 
ing in  that  category. 

Table  5.      Complicalions  during  AduU  ECMO'* 


Paticnl 


Technical  iSv-lein) 


Bleeding — surgical  site  (.^.'i'.'f ) 
Bleeding — olher  hemorrhagic  (20%) 
Organ  sysleiii  failure: 

Renal — heniofillralion  (35%) 
Renal— creatinine  >  1 .5  <  .^.0  (22%) 
Cardiovascular — inolropes  (.5.'?%) 
Cardiovascular — arrhvthniias  (22%) 


Oxygenator  failure  (23% ) 
Olher  mechanical  (2.^%) 
Cannula  prolilenis  ( 10%  ) 


Outcomes 

The  results  of  extracorporeal  support  may  be  delined  sev- 
eral ways.  ie.  improxement  in  tissue  oxygenation,  ability  to 
decrease  conventional  \ciililatory  reiiuiremenls.  or  patient  sur- 
\  isal.  Howe\er.  morbidity  and  mortality  are  the  definitise  out- 
come measures  by  v\hich  these  techni(.|ues  should  be  judged, 
due  to  the  increased  complexity  and  resource  ulili/ation.  Sur- 
vival is  commonly  defined  as  tlischarge  to  home.  The  like- 
hhootl  of  recovery  as  a  consequence  of  the  inilialion  of  ECMO 
support  appears  directly  correlated  w  ith  length  of  mechan- 
ical \  entilation  prior  to  ECMO  and  with  the  etiology  of  the 
lung  disease.  Anderson's  group'-  initially  chose  10  days  as 
the  up|ier  limit  ol'  pre-ECMO  ventilator  su|ipoit.  Follow  ing 
prehmmaiA  (.lata  analysis,  they  recommended  rctlucing  this 
hmii  lo  ."^-7  days  to  improve  survival  because  survival  ol 
palients  who  were  mechanically  ventilated  for  longer  peri- 
ods IS  decreased.  The  survival  data  from  this  Phase-I  clini- 
cal trial  indicate  an  iiii|iroved  survival  rate,  as  compared  to 
that  reported  by  the  National  Institute  of  I  leallh  (NIH)  ECMO 
Study  Group  Irom  the  197()s.  Of  the  Michigan  palients,  4.'i'/f 
were  discharged  lo  home  as  compared  to  9.5%  in  the  NIH 
study, '^'-  It  is  important  lit  note  that  557i  of  the  Michigan 
patients  recovereil  from  respiratory  failure  following  ECMO 
suppiirt.  but  only  45'/(  were  actually  discharged  to  home.  The 
.lulv  1 W?  EI  SO  Inieriiational  Database  reports  a  -^8''(  over- 


all survival  for  adult  ECMO.-''  It  may  be  that  the  difference 
in  sui  V  ival  between  the  Database  and  that  reported  by  Ander- 
son et  aP-  can  be  explained  by  patient  selection  and  diagnosis. 
However,  the  difference  in  performance  between  t)ne  expe- 
rienced and  resourceful  ECMO  center  and  a  mix  of  several 
cenlers  with  varying  degrees  of  experience  and  success  should 
not  be  underestimated. 

LFPPV-ECCOzR 

LFPPV-ECCOjR,  or  ECCO2R,  is  a  variation  of  the  V-V 
extracoiporeal  techniques  used  during  ECMO.  Kolobow,  Gat- 
tinoni.  and  others  pioneered  this  low-llow  V-V  bypass  tech- 
nR|ue  in  Europe.'''-'  ""*'"  The  primary  goal  of  ECCO2R  is  to 
remove  CO:  ^'i^  'be  extracoiporeal  circuit  and  membrane  lung. 
LFPPV-ECCO:R  is  indicated  for  those  adults  w  ith  severe  res- 
piratory failure  and  hypoxemia  when  static  compliance  is  < 
.■^0  niL/cm  H:0.  despite  optimal  positive  end-expiratory  pres- 
sure (PEEP)  therapy,'"  Critena  lor  LFPPV-ECCOiR  are  listed 
in  Table  6,'" 

Table  6.      Criteria  lor  Lou  -llou  Positive  Pressure  Ventilation  in 

Combination  wilh  Extracorporeal  Carbon  Dioxide  Removal 
(l.FPPV-ECCO^R)  Used  bv  Gattinom  and  Co-Workers''' 

Inclusion  criteria 
Severe  hypoxemia 
Static  compliance  <  3(1  iiiL/cm  ILO 
Lack  of  response  lo  PEEP  titration  (5-l,s  cm  H:Ol 

Exclusion  criteria 

Risk  of  severe  coagulopathy 


Technical  Description 

ECCO2R  differs  from  ECMO  in  that  70-80%  of  oxy.genation 
occurs  via  the  patient's  natural  lungs.  The  remaining  20-.^{)% 
support  for  oxy  genation  occurs  via  gas  exchange  in  the  extra- 
corporeal circuit.  End-expiratory  lung  volume  is  maintained 
by  increasing  levels  of  PEEP.  Oxygen  is  administered  ( 1  -5 
L/min)  \  ia  a  tracheal  catheter  placed  at  the  carina  to  replace 
the  quantity  of  oxygen  consumed  dunng  apneic  oxygenation,'''-' 
CO:  clearance  is  achieved  via  the  membrane  oxygenator  at 
a  blood  How  of  I  ,.'i-2,.'i  L/min  and  gas  How  of  10-20  I./min 
lo  ihe  membrane  lung,  ECMO  Pco:  levels  are  titnited  to  main- 
lain  acceptable  patient  pH.  Tliis  may  require  pump  Pc();S  below 
normal  (35-4.^  ton)  because  little  CO:  removal  is  performed 
by  the  native  lung  under  ECCO:R  conditions.  Dramatically 
decreased  ventilator  support  is  required  w  ith  this  method,  usu- 
ally consisting  of  2-4  sigh  breaths/min  to  prevent  atelectasis, 
with  peak  inflation  pressures  limited  to  .^5-4,'S  cm  H:0.  Plas- 
tic circuitry,  pump,  oxygenator,  and  heat  exchanger  are  iden- 
tical to  that  used  for  ECMO. 

Circulation  is  achieved  using  one  double-lumen  venous 
cannula,  w  ith  the  outer  lumen  used  for  drainage  and  the  inner 
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lumen  tor  return  of  circuit  blood  to  ihe  patient.  The  ud\an- 
tages  of  using  a  single  catheter  during  ECCO2R  are  similar 
to  those  of  V-V  ECMO  listed  pre\  iously.  The  added  benefit 
of  single-site  cannulalion  in  adults  is  the  ability  to  perform 
percutaneous  placement.  v\hich  results  in  decreased  bleed- 
ing complications.  The  disadvantages  of  this  cannulation  tech- 
nique are  the  slow  return  of  tissue  e).\ygenation  and  lung  func- 
tion v\  hen  compared  to  V-A  ECMO.  Although  oxygenation 
may  impnne  within  4S  hours  v\'ilh  this  technique,  some  patients 
have  demonstrated  imprt)\ement  in  oxygenation  only  after 
1  to  2  weeks  of  bypass,  with  the  average  length  of  ECCOiR 
support  reported  as  13-19  days.'''-' 

Clinical  Management 

Heparin  management  during  ECCO2R  is  similar  to  man- 
agement during  ECMO.  with  emphasis  on  low  ACTs  (160- 
180  s)  and  balanced  by  coagulation  factors  administered  by 
transfusion  of  blood  products.  Heparin-bonded  circuits  are 
also  used  in  this  technique;  however,  these  circuits  were 
designed  for  high-llow  bypass,  and  the  low-flow  technique 
used  in  ECCO^R  requires  additional  heparin  to  prevent  clot- 
ting. Nutrition  and  sedation  are  also  similarly  maintained,  with 
early  enteral  feeding  to  protect  the  gut  and  aid  lung  recovery 
and  healing."  Ventilatory  support  is  decreased  as  native  gas 
exchange  improves.  The  oxygen  concentration  is  reduced  first, 
using  a  t;uget  PaO:  of  80-l(X)  toiT  with  Fk),  0.40.  Next,  the  oxy- 
gen concentration  supplied  to  the  membrane  oxygenator  is 
decreased — to  0.21  if  possible.  If  oxygenation  remains  at  the 
targeted  value,  end-expiratoiy  pressure  is  cautiously  decreased 
by  no  more  than  1  cm  HjO  every  2  hours.  When  the  venti- 
lator F102  is  0.40,  membrane  Fio:  0.2 1 ,  and  PEEP  5- 1 0  cm  H2O. 
spontaneous  breathing  is  allowed  using  pressure  support  ven- 
tilation or  continuous  positive  airway  pressure.  At  this  point, 
the  intratracheal  oxygen  is  also  discontinued,  and  the  patient's 
ability  to  provide  adequate  native  CO:  elimination  becomes 
the  final  criterion  to  be  met  prior  to  decannulation. 

Complications  are  similar  to  those  reported  with  ECMO: 
however,  there  is  a  dramatic  reduction  in  bleeding  with  the 
percutaneous,  single-catheter  technique. '''  One  European  study 
cites  transfusion  rates  as  low  as  360  ±  1 000  niL  packed  red 
blood  cells/day:'''  whereas,  an  American  ECCO:R  study 
reported  transfusion  volumes  of  2700  mL  ±  1 900  niL/day.'^ 
The  American  smdy  utilized  a  two-site  cannulation  technique, 
further  supporting  the  use  of  a  single  double-lumen  cannula. 
Bleeding  complications  may  also  be  reduced  because  the  dou- 
ble-lumen cannula  does  not  require  distal  drainage  and  the 
sapheno-saphenous  percutaneous  insertion  into  the  inferior 
vena  cava  reduces  surgical  intervention. 

In  summary,  the  advantages  that  are  unique  to  ECCO2R 
include  ( 1 )  decreased  bleeding  complications;  (2)  preserva- 
tion of  pulsatile  flow  to  other  organ  systems;  (3)  reduction 
in  failure  of  other  organ  systems,  most  likely  related  to  preser- 
vation of  pulsatile  blood  How.  and  (4)  avoidance  of  systemic 


embolization.  The  disadvantages  of  ECCO2R  include  ( 1 )  slow 
recovery  of  lung  function:  ( 2 )  higher  requirements  for  ven- 
tilator settings;  (  3)  long  recovery  period  that  predisposes  the 
patient  to  mcrcased  risk  of  technical  complications,  and  (4) 
requirement  for  intratracheal  oxygen  that  may  complicate  ven- 
tilator management. 

Outcomes 

The  European  ECCO2R  group  has  consistently  reported 
sLinival  statistics  of  47%,  with  fewer  complications  than  expe- 
rienced with  ECMO.'''-'  Several  of  the  technologies  that  are 
key  factors  in  ECCO2R  success  aie  not  a\  ailable  in  the  United 
States  due  to  FDA  regulations,  making  comparison  of  results 
difficult.  Double-lumen  catheters,  intratracheal  oxygen 
catheters,  and  heparin-bonded  adult  circuits  are  considered 
experimental  and  me  not  widely  available.  Without  these  sup- 
plies, complications  with  ECCO2R  would  most  likely  mir- 
ror those  of  ECMO. 

Length  of  extracorporeal  support  for  the  ECMO  groups  was 
7  days  compared  to  13-19  days  for  the  ECCO2R  group. '"  - ' "* 
Bypass  time  actually  increased  in  the  ECCO2R  survivor  group 
between  1986  and  1992,  in  part  because  patients  were  sicker 
and  clinicians  had  increased  confidence  in  the  technique. 

A  definitive  comparison  of  these  techniques  can  be  made 
only  in  a  randomized,  controlled  snady  similar  to  that  performed 
by  Morris  et  al"^  in  which  ARDS  patients  were  randomized 
to  one  of  two  groups:  protocol-driven  conventional  ventila- 
tor management  or  pressure-controlled  inverse-ratio  venti- 
lation with  LFPPV-ECCO2R.  No  significant  difference  between 
treatment  approaches  was  seen  in  this  study,  with  survival 
reported  as  42%  and  overall  patient  discharge  to  home  (sur- 
vival >  30  days)  as  38%.  Extrapolation  to  include  high-tlow 
ECMO  in  this  comparison  must  be  made  informally  because 
entrance  criteria  may  be  different  even  though  technique  and 
reported  survivals  are  similar.  However,  the  absence  of  sig- 
nificant survival  differences  between  the  mechanical  venti- 
lation and  any  extracorporeal  groups  leads  to  the  conclusion 
that  extracoiporeal  support  for  acute  respiratory  failure  offers 
no  difference  in  patient  outct)me  and  can  be  fraught  w  iih  seri- 
ous bleeding  complications.  Table  7  compares  the  features 
of  ECMO  to  those  of  LFPPV-ECCO2R. 

IVOX 

In  1986,  Mortensen'"'  reported  successful  intracorporeal 
oxygenation  in  an  experimental  animal  model  of  extrapul- 
monary blood  gas  exchange.  This  early  device  utilized  intravas- 
culai"  placement  of  a  hollow-fiber  oxygenator  in  the  vena  cava 
of  the  subject.  Gas  exchange  occurred  by  diffusion  as  the 
venous  blood  contacted  the  semipermeable  membrane  on  the 
outer  surface  of  the  fibers.  In  the  late  198()s  and  early  1990s, 
additional  animal  studies  were  reported  that  updated  the  devel- 
opment and  improvement  of  the  device.""' ■*-  The  term  used 
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Table  7.      Comparison  ol  Extracorporeal  Membrane  Oxygenation  { ECMO)  to  Low-Flow  Positi\ e 
Extracorporeal  Carbon  Dioxide  Removal  (LFPPV-ECCO:R) 


Pressure  Ventilation  in  Combination  with 


Blooti  How 
Type  of  support 

Cannulation 


Ventilator)  support 


Average  length  ol 
extracorporeal  suppoii 

Cost 

%  Survival 

Complications 

Causes  ol  death 


ECMO"- 


High(7()-S()';f  CO.) 

Veno-arterial  (cardiac) 
Veno- venous  (respiratory) 

2  sites 

2  cannulas  (surgical  or  percutaneous) 


Inverse-ratio 
Pressure-controlled 
High  PEEP 
10-12  breaths/min 


ECCO:R  '» 


7 ■ 8  days 


NA 


45% 

Bleeding  (809r):  cannulation  site  &.  chest  tubes 
Organ  failure  (renal.  CNS) 
Technical  failure 

Termination  ol  support  for: 
Pulmonary  artery  pressure  >75'*  systemic  pressure 
Irreversible  lung  disease  (pulmonary  fibrosis  by  lung  biopsy) 
Intractable  cardiac  dysrhythmias 


Low  (30%  CO.) 
Veno-venous  (respiratory) 

Gattinoni:  I  site,  double  lumen  cannula 

(percutaneous) 
Morris:  2  sites.  2  single  lumen  cannula 

(percutaneous  or  surgical) 

Pressure-controlled 

High  PEEP 
2-4  breaths/min 
Intratracheal  02 

1.^-  14  days 

Increased  variable  &  contract-adjusted  costs'* 

47% 

Chest  tube  bleeding 


Multiple  organ  system  failure 
Septic  shock 
Hemorrhagic  complications 


lo  descithe  this  tcchniqtiL-  changed  several  times  during  its 
de\el()pinent — troni  intravenacaval  blood  gas  exchanger 
(IVCBGEl  to  finally  being  reeogni/ed  as  intravascular  oxy- 
genatmn  (IVOX).  Phase-I  clinical  trials  were  completed  in 
the  early  l^^Os.-"  Table  8  summarizes  the  entry  criteria  for 
this  study.  A  final  paper  on  1(t4  patients,  whose  predicted  sur- 
vival from  acute  respiratory  failure  was  <  20%,  was  published 
in  1994^' and  reported  that  869r  of  the  patients  had  sotne 
increases  in  oxygenation  with  IVOX. 

Table  8.      Entry  Criteria  for  Clinical  Trial  of  IVOX" 

Mechanical  ventilation  for  >  24  hours 

P,,().  <  60  torr  with  an  Fui;  of  > 

mill  one  of  the  following  ventilator  requirements: 

PEEP>  10  cm  IhO 

PIP>45cmH:0 

Mean  Airway  Pressure  >  30  cm  H;0 

PaCO:  5  40  torr  with  minute  ventilation  >  150  mL/min/kg 

Technical  Description 

The  IVOX  device,  a  small-diameter,  elongated,  holknv- 
tlber  membrane  oxvtienator.  is  inserted  into  the  subject's  vena 


ca\'a.  Oxygen  enters  the  device  through  a  catheter  and  is  dis- 
tributed into  the  lumina  of  the  hollow-fiber  conduits,  which 
lie  free  in  the  \  ena  ea\  al  blood  tlov\  ing  tow  aid  the  right  atrium. 
Gas  exchange  occurs  across  the  selecti\  ely  permeable  mem- 
brane comprising  the  walls  of  the  hollow  fibers.  The  resid- 
ual CO:  within  the  lumina  of  the  fibers  is  then  discharged 
through  the  double-lumen  catheter. 

The  catheter  is  surgically  inserted  into  the  right  femoral 
\  ein  below  the  ingLiinal  ligament.  Figure  3  demonstrates  place- 
ment of  the  unfurled  fibers  in  the  vena  cava.-"  A  tubular  sheath 
is  placed  antegrade  into  the  vein.  The  IVOX  device  is  inserted 
thmugh  the  sheath  and  advanced  until  the  tip  lies  in  the  supe- 
rior vena  cava.  Placement  in  the  \  enous  system  provides  the 
added  benefit  of  having  the  lungs  to  filter  and  protect  the  brain 
from  emboli,  if  such  lue  foniied.  Gas  exchange  is  proportional 
to  the  membrane  surface  area  and  the  diameter  of  the  com- 
mon femoral  vein  at  the  entrance  site  in  the  groin.  In  theory, 
a  9.300  cm-  adult  de\  ice  with  4  L  of  blood  (cardiac  output) 
flowing  over  it  would  transfer  157.7  niL  of  oxygen  and  224.6 
niL  of  COi/min.^  An  oxygen  line  is  attached  to  the  inlet  limb 
of  the  catheter,  and  gas  fiows  through  the  device  from  a  pre- 
cisely calibrated,  adjustable  regulator.  The  exit  limb  has  low 
negati\e  pressure  applied  to  it  lo  facilitate  removal  of  CO2  iind 
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promote  g;Ls  flow  tlnx)iigh  iJie  de\  ice.  Tlie  flow  of  gas  is  adjusted 
to  maintain  targeted  blood  gas  values.  Pressure  of  gas  within 
the  hollow  fibers  is  maintained  at  less  than  the  central  \enous 
pressure  to  reduce  the  risk  of  gas  embolism.  Figure  3  demon- 
strates placement  of  the  I  VOX  device  in  the  vena  cava. 


Intake 


Fig.  3.  Placement  of  the  unfurled  IVOX  device  in  the  vena  cava. 
The  upper  tip  of  the  device  rests  in  the  superior  vena  cava  at  the 
level  of  the  jugular  vein  and  extends  through  the  inferior  vena 
cava.  Note  the  gas  intake  port  and  the  exhaust  port,  which  lie  out- 
side the  skin. 


Clinical  Management 

Systemic  heparinization  is  required  prior  to  insertion  and 
is  continued  to  prevent  clotting  and  blood  emboli  formation. 
ACTs  are  maintained  al  I  S()-20()  seconds  throughout  implan- 
tation.'*' Anticoagulation  and  bleeding  are  managed  in  a  sim- 
ilar fashion  to  that  discussed  for  ECMO.  with  emphasis  on 
short  ACTs  and  on  providing  a  balance  of  coagulation  fac- 
tors via  transfusion  of  blood  products.  As  oxygenation 
improves,  intensity  of  mechanical  \entilalory  support  is  pro- 
gressively decreased.  Catheters  have  been  kept  in  place  for 
up  to  18  days  in  some  human  subjects.""  Complications  related 
to  the  use  of  IVOX  have  been  classified  using  a  4-step  sever- 
ity scale,  ranging  from  "not  clinically  or  pathologically  impor- 
tant" to  being  a  "primary  or  contributing  cause  of  death."'" 
Of  the  adverse  events  observed.  39  were  classified  as  mod- 


erate in  severit) .  and  7  were  rated  as  severe,  indicating  that 
they  were  probably  related  to  the  patient's  death.  Bleeding 
was  the  niost  commonly  reported  coniplication.  with  inser- 
tion and  removal  of  the  device  being  the  primary  causes. 
Venous  thrombosis  and  thrombophlebitis  were  the  next  most 
conimon  complications.  No  hematologic  abnonnalities  or  toxic, 
allergic,  or  rejection  responses  were  obser\'ed  by  the  inves- 
tigators. Of  the  IVOX  devices  used,  29.3%  had  mechanical 
or  peifoniiancc  problems,  with  the  leak  of  blood  into  the  hol- 
low fibers  being  the  most  common.  The  device  was  renioved 
from  1 2  patients  for  this  reason.  Gas  transfer  insufficient  to 
nieet  patient  nietabolic  needs  was  reported  in  39  cases  and 
is  borne  out  by  the  lower  than  predicted  CO2  and  O2  trans- 
fer rates  reported  (Table  9)."" 

Table  9.      .Average  Quaiilitative  Gas  Transfer  Rates  Achieved  b_v  IVOX 
during  Clinical  Trials"" 


Size  of  IVOX 

CO2  Transfer 
(niL/min) 

O:  Transfer 
(niL/min) 

7 

40.3 

43.8 

8 

45.6 

60.2 

9 

54.2 

60.1 

10 

72.5 

71.0 

Outcomes 

Measurable  improvenients  in  PaO;  and  P,co:  were  observed 
within  the  first  few  hours  following  in'iplantation  in  most 
patients.  Reduction  of  niechanical  ventilation  by  at  least  257c 
of  pre-lVOX  levels  was  achieved  in  5iV/t:  of  the  patients  in 
the  trial.'"  Howe\er.  statistical  significance  was  not  reported 
for  these  reductions.  The  IVOX-treated  patients  had  a  30% 
hospital  survival.  Patients  with  the  lowest  lung-injury  scores 
(least  severe  acute  respiratory  failure)  had  the  best  survival 
rates,  with  the  MuiTay  Lung  Injuiy  Score  coiTelating  well  with 
these  results.  Clinical  investigators  were  pleased  with  the  sim- 
plicity and  convenience  of  the  IVOX  device  but  were  dis- 
appointed that  the  device  could  not  transfer  more  Oi  and 
CO:."" '"  For  these  reasons,  a  controlled  Phase-II  and  Phase- 
Ill  study  was  never  conducted.  The  IVOX  device  remains 
experimental,  with  no  clinical  trials  underway  ( 1993). 

Cost  Issues 

The  cost  and  efficacy  of  high  technokigy  procedures  like 
extracorporeal  and  intracorporeal  support  require  careful 
scrutiny  prior  to  endorsement.  Results  of  Phase-I  trials,  which 
demonstrate  improvements  in  physiologic  variables  must  be 
followed  by  Phase-II  and  III  trials  that  compare  conventional 
techniques  and  exaniine  outcome  versus  cost  issues.  Cost  data 
for  extracorporeal  support  are  difficult  to  delineate  because 
costs  vary  by  country,  institution,  and  standard  of  practice. 
Intracorporeal  cost  data  are  nonexistent  because  these  de\  ices 
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were  available  only  under  sponsored  research  protocols  and 
were  never  commercially  distributed. 

Several  neonatal  ECMO  cost  studies  have  been  conducted 
to  examine  the  cost  and  efficacy  of  extracorporeal  support 
versus  traditional  therapies.-"  ■***  A  retrospective  study  con- 
ducted at  Children's  National  Medical  Center  in  1986*'  com- 
p;ired  the  cost  of  ECMO  therapy  with  the  cost  of  conventional 
care  for  a  similar  clinical  population.  The  average  length  of 
stay  for  ECMO  patients  (25  days)  was  significantly  shorter 
than  for  the  non-ECMO  group  (75.8  days,  p  <  0.005).  The 
decrease  in  hospital  length  of  stay,  despite  the  increased  ECMO 
cost,  resulted  in  a  4y/(  reduction  in  total  physician  and  hos- 
pital charges.  The  survival  for  the  ECMO-treated  group  quadiii- 
pled.  These  data  have  been  supported  by  two  similar  stud- 
ies. ■*'■■"*  This  is  powerful  information  to  support  the  use  of 
ECMO  in  neonates,  but  the  cost-benefit  data  for  adult  extra- 
corporeal support  does  not  appear  as  positive.  Morris  et  al"* 
reported  cost  and  survival  data  in  the  Utah  study  of  LFPPV- 
ECCOiR  versus  conventional  mechanical  ventilation.  Total 
charges  and  survival  for  each  group  are  summarized  in  Table 
10.  Survi\(irs  in  the  ECCO:R  and  con\entional  groups  had 
significantly  higher  charges  than  nonsur\  Ivors,  presumably 
due  to  the  increased  length  of  hospital  stay.  Variable  and  con- 
tract-adjusted charges  for  the  ECCO^R  group  were  signifi- 
cantly higher  than  for  the  conventional  group,  with  no  sig- 
nificant difference  in  survival.  Cost  data  from  a  similar  con- 
trol group  for  adult  HCMO  has  not  been  published.  Conclusions 
based  on  the  limited  a\  ailable  data  are  difficult,  but  the  fail- 
ure to  significantly  reduce  cost  or  improve  survival  using  extra- 
corporeal techniques  in  adults  is  not  encouraging. 

In  .Summary 

Most  investigations  of  extracorporeal  and  intracorporeal 
support  for  acute  respiratory  failure  have  not  progressed  beyond 
Phase-1  safety  ttials  in  aiiults.  The  lack  of  standardization  and 
reproducibility  in  ei|inpnien!,  technique,  length  of  extracor- 
poreal support,  and  rate  of  complications  fin-lher  complicate 
the  assessment  of  these  techniques  and  liniils  the  ability  to 
make  strong  clinical  recommendations.  Without  control  group 


data,  institutional  baselines  for  coinenlional  management  out- 
comes and  costs  are  unknown,  and  \  alid  comparisons  can- 
not be  made. 

Based  on  this  information,  recommendations  can  be  made. 
Multicenter,  prospective,  randomized,  controlled  clinical  tri- 
als utilizing  all  available  modern  techniques  and  carefully 
developed  treatment  protocols  must  be  conducted  to  con- 
clusively answer  the  efficacy  and  cost-benefit  questions  for 
each  of  these  technologies.  L'ntil  the  techniques  are  stan- 
dardized and  these  studies  can  be  conducted,  extracorporeal 
and  intracorporeal  techniques  for  support  of  these  patients 
must  be  considered  experimental.  Because  of  the  limited  data 
and  experience  with  these  procedures,  clinical  trials  should 
be  permitted  only  in  those  research  centers  with  documented 
experience  and  acti\e  controlled  clinical  trials.  Research  to 
advance  knovs  ledge  and  skills  related  to  mechanical  venti- 
lation must  continue,  as  early  data  from  these  groups  suggest 
improved  morbidity  and  mortality.  Conventional  mechan- 
ical ventilation  currently  demonstrates  the  best  cost-benefit 
profile  for  the  patient  and  medical  institution. 
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Wiison  Discussion 

East:  To  ckirify  s(Miie  issues  with  ymi — 
In  ihc  LDS  ECCO:R  trial.  1  tiiiiii^  they 
went  tar  out  ol  their  w  ay  to  try  to  duph- 
cate  the  European  methods.  They  sent 
a  team  wiio  assisted  in  running  ECCO:R 
over  there.  The  circini  they  put  together 
was  actually  identical  to  the  one  used 
by  Gattinoni  when  he  published  his  70% 
survival.'  Now.  admittedly,  they've  gone 
to  the  fancier  dual-lmiien  catheters,  but 
when  they  started  the  trial,  it  was  an 
exact  duplicate  ot'Gattinoni's  system — 
even  down  to  the  piuiip  and  the  circtiits 
and  everything.  Then  they  brought  two 
expeiienced  physicians  over  from  Milan 
to  Salt  Lake,  and  they  are  the  ones  who 
st;u"ted  running  this  trial.  E\erybixiy  says 
"You  guys  just  don't  know  how  to  do 
ECCO:R."  1  think  they  really  tried  hard 
to  get  the  method  Iransl'erred.  It  you 
can't  transfer  it  with  that  kind  of  exix»nse 
and  effort,  you  wonder  W  iinyhinlx  can 
learn  it.  The  physicians  who  s  isited  in 
.Salt  Lake  said  that  ihe\  wcuild  ne\er 
piniip  these  patients  in  Milan.  The  issue 
is  entry  criteria.  You  present  sur\  i\al 
rates  as  if  they're  all  comparable,  but  the 
survival  rates  from  the  European  liter- 
ature' were  from  sttidies  thai  had  no  ngid 
entry  criteria.  They're  all  sick  patients. 
clearK.  But  what  does  a  47%  survival 
rate  mean  when  you  include  some 
patients  who  were  too  sick  to  meet  the 
rigid  entry  criteria  that  Alan  (Morris) 
used.'  which  were  the  okl  NIH  ECMO 
entry  ciiteria.  The  general  feeling  of  the 
physicians  trom  Milan  v^ho  worked  v\ith 
us  was  that  those  patients  are  'dead 
thicks.'  rhe\  woLildn'l  pump  ihem  in 
Milan.  .So.  you  niay  be  seeing  v\hat  you 
alhiiled  to — you  have  to  pick  these 
patients  carefully.  Then  \oii  Wdnder. 
Would  the>  do  just  as  well  on  the  "vent' 
later'.'  The  other  issue  is  cost.  We  must 
make  the  distinction  that  what  was 
repoiled  are  actual  costs  during  the  trial, 
which  do  not  include  the  |iump  tech- 
nician, the  circtiits.  oi'  the  extra  diag- 
nostics and  hlootl  jirotkicts. 

I.    Gallinonj  I..  Pcseiili  .\.  Masclieroni  D. 
M;uvolin  R.  Rimia'jalli  R.  Rossi  !■'.  ct  al. 


Low-lrequency  positive-pressure  veiui- 
lation  witti  extracorporeal  CO?  removal 
in  severe  acute  respiratory  failure.  J.AMA 
1986:2.'>6(l7):881-886. 

2.  Lewandoski  K.  Slama  K.  Falke  K 
Approaches  to  improved  survival  in 
ARFIS,  In:  Vincent  JL.  editor  Yearbook 
ol  intensive  care  and  emergency  medicine. 
Berlin:  Spnnger-Verlag.  1992. 

.V  Moms  A.  Wallace  C.  Menlove  R.  Clem- 
mer  TP.  Orme  JF  Jr.  Weaver  LK.  et  al. 
Randomized  clinical  trial  of  pressure-con- 
trolled inverse  ralio  ventilation  and  extra- 
coiporeal  CO:  removal  for  adult  respi- 
ratory disU'ess  syndrome.  Am  J  Respir  Cril 
Care  Med  1994:149(2.  Part  1  ):295-.^().S. 
Sec  tlw  puhlishfd  erratum  Am  J  Respir 
Cril  Cure  Met!  I994:149(.l  Purl  liS.lS. 


Wilson:  I  did  not  include  the  physician's 
cost  or  any  of  those  charges  in  the  data 
that  I  presented. 

East:  So  if  you  were  using  it  clinically, 
the  difference  would  be  much  greater 
than  what  Gatlinoni  reported.  1  under- 
stand that  some  ongoing  wa)rk  has 
shown  that  you  can  get  better  CO: 
removal  if  you  use  permissive  hyper- 
capnia  and  IVOX  at  the  same  time.  I 
think  there  are  groups  that  are  conlin- 
tiing  lo  tr\  to  develop  better  fibers. 

Wilson:  When  1  lalked  to  Jay  Zw  is- 
chenberger  abi)ut  the  technique  a  cou- 
ple of  weeks  ago.  he  confirmed  that. 
Two  groups  are  still  actively  pursuing 
the  IVOX  technit|tie.  There's  one  in 
Chicago,  and  I  helie\e  there's  one  in 
New  England  and  one  in  Pittsburgh.  It 
makes  sense  that  the  patients  w  ith  per- 
missive hypercapnia  ha\e  a  better 
ies|ionse  with  IVO.X  because  gas 
exchange  is  pressure-gradient  driven. 
The  patients  in  the  IVOX  trial  vvho  hail 
the  best  gas  exchange  were  the  most 
hypoxic  tiecause  the  partial  pressure  dit- 
ference  was  greater.  1  agree  w  ith  e\ery- 
ihing  \(ui  saii.1.  Tom.  and  I'm  glad  that 
yoti  spoke  to  the  I 'tab  experience  with 
ECCO:R.  1  think  that  they  did  do  an 
incredible  job  in  trying  lo  duplicate  the 
technique.  1  think  the  take-home  mes- 
sage is  that  it  is  impossible  to  duplicate 
some  of  these  techniques  and  outcomes 
from  center  to  center.  It  appears  that  it 


is  the  tiniqtie  combination  of  indi\  id- 
uals.  equipment,  and  experience  thai 
accounts  for  different  sur\i\al  rales.  1 
did  not  mean  to  imply  that  the  patient 
survival  rates  1  reported  are  directly 
comparable.  Mv  intention  vv  as  lo  offer 
some  ptiblished  information  thai  wt)uld 
allow  us  to  draw  some  conclusions 
abotit  these  techniques. 

East:  Yes.  but  1  think  you  have  to  be 
careful  when  you're  draw ing  the  con- 
clusion that  some  centers  do  the  tech- 
nique better.  I'm  not  conv  inced  of  that. 
I  think  some  centers  report  better  out- 
comes because  of  their  patient  selection. 

Wilson:  That's  true.  We  could  see  that 
if  we  were  able  to  compare  the  patient- 
selection  criteria.  1  believe  you're  abso- 
lutely right.  1  also  think,  though,  that 
center-specitlc  techniques  ma\  produce 
diftereni  oulcomes. 

Hurst:  If  ever  there  were  techniques 
that  cried  out  lor  regionalization.  we've 
just  heard  about  them — not  only  be- 
cause of  the  experience  issues,  but  also 
because  of  the  up-front  resources  that 
have  lo  be  committed.  If  we're  ever  to 
be  able  to  realize  the  true  value  of  these 
techniques  in  our  armamentarium,  cer- 
tain (not  all  I  centers  are  going  lo  have 
to  be  really  dedicated,  as  you  are.  to  priv 
V  iding  them.  Certainly,  we  who  treat 
adults  will  never  be  able  to  approach, 
nor  shotikl  we  think  we  can  approach, 
the  outcomes  that  you  can  achieve  in 
the  pediatric  age  group.  The  pathology 
is  tiio  varied.  W  hen  \i)U  look  at  all  the 
complicating  factors,  particularly  in  the 
trauma  patient,  for  example,  the  bleed- 
ing issues  are  monumental.  45%  of 
those  patients  may  have  a  seiious  intra- 
cranial injury  and  over  50%  of  those 
patients  may  hav  e  a  serious  orthopedic 
injury.  Many  are  complex  pelvic  frac- 
tures. Some  of  those  patients  may  have 
undergone  complex  hepatorrhaphies. 
We  would  not  want  to  submit  any  of 
those  patients  to  systemic  anticoagula- 
tion. We  would  like  lo.  but.  unfoilunate- 
ly.  we  simply  can't.  1  think  before  we 
try  to  compare  one  group  to  another,  we 
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need  to  agree  that  there's  a  physiologic 
scoring  system  that  will  allow  us  pre- 
cise comparison,  so  we  know  what 
those  survival  rates  really  mean.  The 
reason  we  have  shied  away  from  the 
carotid  artery  ligation  techniques  goes 
back  before  the  modern  age  of  vascu- 
lar surgery,  when  the  treatment  of 
choice  for  carotid  injuries  was  indeed 
carotid  artery  ligation.'  That  proceduic 
was  accompanied  by  a  major  neurologic 
sequelae  rate  in  excess  of  209c.  So,  we 
get  rather  nervous  when  you  mention 
ligating  the  carotid  artery  in  the  adult. 

1  -  Rich  NM.  Six-iKL-i  f-C.  ediliiiN.  C;uolid  ^uiil 
\ertchrLil  artery  injuries.  In:  Vascular 
trauma.  Philadelphia:  WB  Saunders.  1978. 

Peruzzi:  You're  correct  about  the 
bleeding  and  anticoagulation  is  a  prob- 
lem. We  had  a  lot  of  bleeding  com- 
plications. I  had  occasion  to  speak  with 
an  investigator  from  one  center  that 
entered  a  relatively  large  number  of 
patients  in  the  IVOX  protocol  but  did 
not  report  many  bleeding  complica- 
tions, but  they  were  usuig  the  acti\ ated 
clotting  times  ( ACTs)  to  follow  anti- 
coagulation status.  When  they  actually 
went  back  and  knikcd  at  the  prothrom- 
bin times  (PTTsi  obtained  at  the  same 
time  that  they  were  getting  the  ACTs. 
they  found  that  they  really  were  not 
anticoagulating  the  patients  to  the 
extent  that  they  had  thought  that  they 
were,  guided  by  their  ACT  measure- 
ments. We  all  believed  that  the  IVOX 
did  not  really  require  the  anticoagu- 
lation that  was  dictated  by  the  proto- 
col, and  probably  could  have  gotten 
away  with  much  less  or  none.  As  a 
matter  of  fact,  they  wei'e  doing  a  lot 
with  heparin  bonding,  and  I  Ihink  ihat 
probably  would  have  been  adequate. 
But  the  bottom  line  is  we  had  to  fol- 
low the  protocol,  and  that's  where  we 
found  the  difficulties.  Gas  exchange  is 
always  going  to  be  an  issue.  Gradients? 


Yes.  gas  exchange  improves  if  you 
increase  the  gradient,  but.  by  and  large, 
we  were  never  really  able  to  seriously 
decrease  the  level  of  support  by  more 
than  20''^  or  so.  The  one  thing  thai  I 
will  say  in  favor  of  the  IVOX  device 
is  that  it  was  extremely  user-friendly. 
Once  one  got  it  in  place,  it  really  was 
pretty  unobtrusive.  The  bedside  nurses 
handled  things  very  well.  The  pump 
ran.  and  it  didn't  require  a  lot  of  user 
support,  as  do  ECMO  and  ECCO:R. 
That  was  an  advantage.  Unfortunately, 
as  you  say.  the  gas-transfer  limitation 
is  the  biggest  problem. 

Wilson:  I  think  your  commenl  ahoiii  ilic 
bleeding  is  right.  Bill.  The  bleeding 
really  needs  to  be  thought  of  in  two  con- 
texts with  the  IVOX  device — bleeding 
at  the  site  of  insertion  and  leakage  of 
blood  into  the  gas  path.  Implantation 
caused  the  most  bleeding.  At  this  stage. 
69'7f  of  patients  lost  100-500  mL  of 
blood.  Leakage  into  the  gas  path  was 
secondary  to  concent  for  bleeding  at  the 
insertion  site. 

Peruzzi:  From  our  experience,  the  leak- 
age into  the  gas  path  wasn't  that  bad. 
It  depended  on  the  insertion.  If  the 
fibers  broke  during  insertion  you  got 
some  blood  in  there,  but  we  didn't 
notice  that  problem  much.  We  had  pet)- 
ple  bleed  into  their  chests:  we  lost  a 
giwid  deal  of  blood  during  insertion  of 
the  device,  and  we  had  all  kinds  of 
other  extraneous  bleeding  problems,  but 
our  experience  was  different  than  what 
you  just  described. 

Wilson:  I  think  if  I  recall  from  the  Con- 
rad paper. '  22  of  1 W 1 1  .^  '/r )  of  cases  bled 
into  the  gas  path.  And  you're  right — good 
inseilion  techniL|iic  is  vciy  important  to 
prevent  fiber  breakage  and  bleeding. 

I .    Conrad  SA.  Bagley  A.  Baglcy  B,  Seliaap 
RN.  Major  findings  from  the  clinical  tri- 


als of  the  intravascular  oxygenator,  .^rtif 
Organs  I994;IS(  1 1  l;846-H6.\ 

Mathews:  Do  you  have  material  on 
long-temi  sequelae  in  those  people  who 
were  discharged?  Did  they  have  neu- 
rologic deficits?  Physical  disabilities? 
Decreased  quality  of  life,  like  we  see  in 
the  kids':- 

Wilson:  Obviiuisly  the  neonatal  oul- 
come  data  are  the  best  data.  There  were 
197  total  adult  cases  in  the  ELSO  reg- 
istry, compared  to  10,000  neonatal 
cases,  so  there's  not  a  lot  of  inforiua- 
tion  on  adult  follow-up.  I  believe  in  the 
University  of  Michigan  group,  of  the 
patients  who  survived  and  were  dis- 
charged home.  21  returned  to  normal 
functioning,  in  terms  of  jobs  and  life- 
styles. One  patient  had  other  compli- 
cations that  prevented  full  recovery.  .So. 
long-term  follow-up  data  are  not  read- 
ily available,  and  we  have  only  a  very, 
very  small  number  of  patients. 

Mathews:  In  at  least  one  of  the  neona- 
tal studies  that  I  read,  approximately  24 
of  1 19  survivors  showed  some  kind  of 
neurologic  (n  =  14)  or  developmental 
defect  (n  =  14).  If  early  death  (n  =  27) 
was  included,  the  percentage  at  1  year 
increased  to  46%.' 

1.  Graziani  LJ.  Strelctz  LJ.  Baumgart  S. 
Cullen  J.  McKee  LM.  Predictive  value  of 
neonatal  electroencephalograms  during 
extracorporeal  membrane  oxygenation.  J 
Pediatr  1994:125(6.  Part  l):969-975. 

Wilson:  The  probleiu  w  ith  that.  Paul, 
is  that  you  don't  know  when  that  injuiy 
occurred — whether  it  was  the  severe 
hypoxia  prior  to  extracoiporeal  suppoil 
or  as  a  result  of  the  extracorporeal  sup- 
pott.  So  that's  why  when  they  assess  fol- 
low-up data  they  try  to  look  at  controls 
of  patients  who  had  some  kind  of  sim- 
ilar conventional  therapy  and  disease 
severity  scores. 


Respir.mory  Care  •  April  '96  Vol  41  No  4 


317 


Minimizing  Alveolar  Stretch  Injur)  during  Mechanical  Ventilation 

Neil  R  Mac  Intvre  MD 


Normal  Alveolar  Distuntion 

Stretch  Injury  &  Alveolar  Overdistention 

Measuriiif;  Alveolar  Distention  &  Settinf>  \  entilatory  Targets 

Strategies  To  Minimi/.e  Alveolar  Overdistention 

Minimi7.ing  I'KKP 

Minimi/.ing  \  \ 
In  Conclusion 


Normal  Alveolar  Distention 

The  normal.  hcalth\  lung  is  iiitliited  and  deflated  as  changes 
in  transpulmonary  pressure  are  generated  hy  the  inspiratory 
muscles  (Fig.  1').  The  normal  end-expiratory  volume  (func- 
tional residual  capacity,  or  FRC.  Fig.  1 )  is  reached  when  ven- 
tilatory muscles  are  relaxed  and  transpulmonary  pressures  are 
zero.  The  normal  maximal  lung  volume  (total  lung  capacity. 
orTLC,  Fig.  1 )  is  reached  when  ventilatory  muscles  gener- 
ate transpulmonary  pressures  of  .^0-40  cm  HiO.  Thus,  dur- 
ing spontaneous  breathing,  the  lung  is  never  subjected  to  dis- 
tention from  transpulmonary  pressures  exceeding  30-40  cm 
H:0  (absolute  value).  However,  this  may  not  be  the  case  dur- 
ing positi\e  pressure  \entilation. 

Stretch  Injury  &  Alveolar  Overdistention 

Common  approaches  to  mechanical  \ciililalion  iinoKe  [vri- 
odic  inllations  of  the  lung  using  positive  airway  pressure.  Con- 
ventional strategies  utilize  tidal  volumes  (Vjs)  of  8-12  mLAg. 
respiratory  rates  of  10-30  breaths/min.  supplemental  oxygen, 
and  levels  of  positive  end-expiratory  pressure  (PEEP)  to  sta- 
bilize atelectatic  lunc  units.-  "  In  tieneral.  these  strategies  are 


Dr  Maclnlyrc  is  Prol'cssiir  of  Medicine  and  Medical  I")irecli)r  for  Respi- 
raldry  Care,  Duke  L'niversiiy  Medical  Cenler — DurhaTn,  Norlli  Carolina. 
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RATORY  CARr;  Journal  Conference.  Mechanical  Ventilation:  Ventilatory 
Teclinii|ues.  I'harniacology.  &  Patient  Management  Strategies,  held  in 
Canciin.  Mexico.  October  6-S.  1995. 

Correspondence:  Neil  R  Maclnlsre  MIX  Duke  L'ni\ersity  Medical 
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designed  to  mimic  the  normal  ventilatory  pattern.  However, 
gas  exchange  needs  and  other  considerations  ha\  e.  in  the  past, 
prompted  application  of  inflation  pressure  often  much  higher 


100 


-ilOO 


Pressure  (cm  H.^O) 

Fig.  1 .  Normal  respiratory  system  mechanics  during  inspiration  for 
a  spontaneously  breathing  patient.  Lung  volume  is  plotted  on  the 
vertical  axis,  various  pressures  are  plotted  on  the  horizontal  axis. 
Respiratory  system  compliance  is  represented  by  volume  changes 
as  a  function  of  transrespiratory  system  pressure  (P,s.  solid  line). 
Pressure  generation  capabilities  of  the  inspiratory  muscles  over 
the  range  of  inflation  is  Pmus  (dashed  line).  Functional  residual  ca- 
pacity (FRC)  is  the  relaxation  point  of  the  respiratory  system  when 
transrespiratory  system  pressure  is  zero  at  end  exhalation. 
Inflation  is  possible  when  Pmus  is  more  negative  than  Prs.  ie,  the 
sum  of  Pmus  +  Prs  is  negative  (dotted  line).  Total  lung  capacity  thus 
occurs  when  the  absolute  value  of  Pmus  equals  that  of  P,s.  As  can 
be  seen,  this  maximal  voluntary  inflation  point  occurs  when  Pmus 
-30  to  40  cm  HoO  and  P,s  is  +30  to  40  cm  H2O.  (Adapted  from 
Reference  1.  with  permission). 
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thim  the  nonnal  maximal  tiaiispulmoiiiir}  pressure.  Under  these 
conditions,  lung  units  may  become  distended  beyond  their 
nonnal  capacity  and.  thus,  sustain  injury. 

The  potential  for  lung  injury  because  of  positive  pressure 
breaths  has  long  been  appreciated.  The  best  known  form  of 
injury  cxx'urs  when  positive  pressure  breaths  grossly  overintlate 
the  lungs  and  result  in  air  leaks,  such  as  pneumothorax,  pneu- 
momediastinum, and  subcutaneous  emphysema.-''  The  mech- 
anism for  this  type  of  injury  is  thought  to  be  actual  alveolar 
rupture  into  the  perivascular  space  with  subsequent  dissec- 
tion of  air  into  the  mediastinum,  pleura,  and  other  locations.'* '' 
The  risk  of  alveolar  rupture  is  high  when  transalveolar  pres- 
sures approach  50-60  cm  HjO. 

In  recent  years,  data  have  shown  that  alveolar  distention 
resulting  from  transpulmonary  pressures  only  marginally 
above  the  maximum  normal  level  of  30-40  cm  H2O  may  also 
be  associated  with  lung  injury.'-" This  injury,  however,  does 
not  involve  alveolar  rupture  but  is  characterized  by  a  tissue 
injury  involving  the  alveolar-capillary  interface.  The  pre- 
sumed mechanism  is  that  alveolar  stretch  beyond  its  max- 
imum normal  level  disrupts  the  alveolocapillary  membrane. 
This  causes  parenchymal  inflammation,  capillary  fracture.-' 
increased  vascular  permeability,  abnormal  accumulation  of 
lung  water,  abnormal  surfactant  function.--  alveolar  flood- 
ing, atelectasis,  infiltrates  visible  on  radiograph,  and  hypox- 
emia because  of  shunting  of  blood.  Injuries  of  this  type  may 
be  most  pronounced  in  lung  units  that  were  previously 
healthy.  This  is  because  lung  injui^  is  not  always  distributed 
uniformly  (ie.  some  lung  units  are  severely  injured  and 
atelectatic  while  other  iniits  remain  relatively  normal).-'-"* 
and.  thus,  positive  pressure  ventilation  delivered  to  the  air- 
way may  only  minimally  inflate  abnormal  units  but  may 
overdistend  and  consequently  injure  the  healthier  units  (Fig. 
2).  Therefore,  conventional  mechanical  ventilation  goals  to 
aggressively  recruit  and  ventilate  abnormal  lung  units  with 
distending  pressures  in  excess  of  30-40  cm  H:0  may  risk 
overdistending  (stretching)  and  injuring  the  remaining  healthy 
lung  units. 

Most  of  the  evidence  for  this  stretch  injury  comes  from  ani- 
mal studies  (Table  1 ).  From  these  studies,  it  appears  that  max- 
imal stretch  is  the  key  component  of  injury  although  increas- 
ing duration  i\nd  freiiiicncy  of  stretch  may  further  increase 
injury.""**'''  The  role  of  PEEP  in  the  development  of  stretch 
injury  is  more  complex.'-"-"^-' On  the  one  hand,  if  PEEP  ele- 
vates FRC  primarily  by  distending  already  patent  alveoli,  fur- 
ther increases  in  PEEP  for  a  given  Vr  increases  maximal  end- 
inspiratory  alveolar  stretching.  On  the  other  hand,  PEEP  may 
serve  to  increase  FRC  through  recniitment  of  collapsed  alve- 
oli. This  may  affect  stretch  injury  differently  because  alve- 
olar collapse  during  expiration  requires  the  next  positive  pres- 
sure breath  to  'snap  open"  the  alveolus  before  it  can  fill  with 
gas.-''-'' This  repetitive  collapse  and  snapping  open  appears 
to  contribute  to  the  parenchymal  injury  associated  with  pos- 
itive pressure  breathing.  Indeed,  a  number  of  animal  studies 


Normal 


Low  Regional  Cl 


Fig,  2.  The  volume  from  a  positive  pressure  breath  distributes  ho- 
mogeneously throughout  a  lung  with  normal  compliance  (Cl)  (left 
panel).  In  a  lung  with  low  regional  Cl,  the  volume  from  a  positive 
pressure  breath  distributes  preferentially  to  the  regions  with  more 
normal  Cl  (right  panel).  Thus,  a  Vj  of  normal  size  in  a  lung  with  re- 
gions of  low  Cl  can  overdistend  the  healthier  regions. 


have  shown  that  providing  enough  PEEP  to  prevent  collapse 
(ie.  maintaining  alveolar  recruitment)  significantly  reduces 
the  incidence  of  pulmonary  edema,  hyaline  membrane  for- 
mation, and  other  conditions  known  to  contribute  to  alveo- 
lar injury.''-"-''"-' 

Moreover,  the  studies  listed  in  Table  1  also  show  that  PEEP 
reduces  lung  injuries  resulting  from  overdistention. '■'"■'''■'''"-" 
Additional  support  for  the  lung-protection  association  with 
PEEP  is  found  in  rabbits  during  high-frequency  oscillatory 
ventilation,  in  which  maintenance  of  an  adequate  baseline  lung 
volume  was  associated  with  fewer  and  less  severe  histologic 
abnormalities  in  injured  lungs.-^"  There  are  much  fewer  human 
data  on  this  subject,  but  neonates  on  extracorporeal  systems 
(ECMO)  have  been  shown  to  have  their  need  for  ECMO  short- 
ened if  expiratory  pressure  is  provided."  Taken  together,  these 
data  suggest  that  although  PEEP  can  increase  maximal  end- 
inspiratory  alveolar  distention  (and  thus  increase  the  poten- 
tial for  stretch  injui7).  a  certain  minimal  PEEP  to  prevent  col- 
lapse may  decrease  the  stretch  injury. 

Because  pathologic  findings  related  to  stretch  injury  are 
similar  to  those  observed  in  acute  lung  injui7  ( ALI)  and  acute 
respiratory  distress  syndrome  (ARDS).  it  may  be  that  lung 
injury  from  overdistention  exacerbates  or  prevents  resolution 
of  ARDS.  Therefore,  recovery  from  respiratory  failure  and 
ultimate  survival  might  improve  if  ventilation  strategies  were 
used  that  avoid  or  reduce  the  application  of  stretching  forces 
to  the  lung.  Indeed,  this  is  the  conclusion  of  an  uncontrolled 
trial  of  low-stretch  ventilation-**  and  of  a  recent  preliminary 
report  of  another  clinical  trial.-''  It  is  also  the  reason  that  a  recent 
consensus  recommended  stretch-induced  lung  injury  be  reduced 
by  avoiding  high  ventilating  pressures. - 
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Tabic  I.      Results  nl  Studies  on  Pressure-Related  Lung  Injury 

First  Lung  Distention  Pressures  (cin  H2O) 

Author       Model       P,,i.a'  PEEP  Pa„  Lung  Injury 


Webb" 


Parker'' 


Tsuno" 


Rats 


Dogs 


Sheep 


14 
30 
45 
30 
45 

60 
50 
40 
30 
15 

15 
30 
30 


u 
0 

0 
10 
10 

0 
0 
0 
0 
0 


4  (rate  =  4) 
4  ( rale  =15) 


3(1 
6.7 
9.7 
14.2 
17.8 


1  + 

2.5+ 

3.5+ 

2+ 

3+ 

2+ 
1.5+ 
1  + 
0 
0 

1  + 

2+ 
3+ 


Pressure  in  Airways 
To  Cause  Flow 


O 

C\J 

I 
E 


Begin 
Inspiration 


Pressure  in  Airways 
and  Alveoli  To 
Distend  Lung 


End  Inspiratory 
Flow 


Begin 
Expiration 


Fig.  3.  Airway  pressure  during  a  positive-pressure  breath.  During 
gas  delivery,  pressure  initiates  flow  and  distends  alveoli  (peak 
pressure,  Point  1).  If  inspiration  is  held  (paused)  after  flow  has 
ceased,  airway  pressure  plateaus  and  represents  only  alveolar 
distending  pressure  (plateau  pressure.  Point  2). 


Koliibuu'"    Sheep 


Tsuno'" 


Pigs 


Drevfuss-"    Rats 


20 
50 
50 

IS 
40 

s 
15 
45 
22 
45 
37 


7  (rate  =  3) 
7  (rate  =  12) 

4 
4 

0 

0 

0 
10 
10 
15 


1  + 

3+ 
4+ 

0 
1.5 

0 

0 

3+ 

0 

1.5+ 

1  + 


*PpiMk  =  peak  airway  pressure.  PEEP  =  positive  end-expiratory  pressure.  P,,„  = 
mean  airway  pressure,  rale  =  ventilator  cycling  frequency,  lung  injury  =  relative 
score  with  I  being  normal  and  4+  being  most  severe. 


iiine  (P-V)  plot  (Fig.  4).'-  '^  When  piopeily  done,  this  plot 
can  be  used  to  detect  both  a  lower  and  an  upper  intleetion 
point  (P|ie\).  vshich  can  be  used  to  delect  changes  in  the  lung's 
pressure-vDluiiie  relationship.  The  lower  Pnc\  has  been 
described  as  the  le\ el  abo\e  which  PF.FP  should  be  set  to  a\'oid 
aheolar  collapse  and  snap-open  injury.  The  upper  P|k.\  has 
been  described  as  the  level  abo\e  w hich  the  application  of 
additional  pressure  results  in  onh  a  small  volume  increase 
atid  is  associated  w ith  overdistention.  Howe\ er.  plotting  a 
static  P-V  curxe  is  a  cumbersome  procedure  requiring  mul- 
tiple breaths  of  varying  si/e  and.  often,  patient  sedation  or 
paralysis.  Thus,  it  is  nt)t  a  practical  bedside  procedure. 


Measuring  Alveolar  Distention  & 
Setting  Ventilatory  Targets 

Measuring  and  monitoring  aheolar  Miltime  is  difficult. 
However,  approaches  that  assess  pressures  or  the  pressure- 
volume  relationship  can  be  taken  to  indirectly  assess  the  risk 
of  stretch  injury  and  guide  strategies  to  manage  it. 

The  simplest  measurement  is  the  so-called  airway  plateau 
pressure  (Fig.  3).  This  is  the  airway  pressiue  at  end  inspira- 
tion iMidei  no-flow  conditions  and.  as  such,  reflects  aheolar 
pressure.  Assuming  the  patient-ventilator  system  is  syn- 
chronous, the  compliance  of  the  chest  wall  is  normal,  and 
abdominal  pressure  is  low .  plateau  pressure  is  a  reasonable 
rellection  of  maximal  tratisalveolar  pressure  and  can  be  used 
to  estimate  the  collectiv  e  distention  of  lung  units  of  v  arying 
compliance.  Keeping  plateau  pressures  below  .^0-40  cm  H:() 
to  prevent  noniially  compliant  units  from  exceeding  their  max- 
imum volume  has  been  recommended  (Fig.  I ).' 

A  more  sophisticated  approach  that  assesses  both  alve- 
olar ov erdisieniion  and  recruitment  is  the  static  pressuic-v ol- 
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Fig,  4.  Static  inspiratory  pressure-volume  plot  in  a  patient  with 
ARDS.  In  this  example,  3  cm  H2O  intnnsic  PEEP  (PEEP,)  is  pre- 
sent. Lower  and  upper  inflection  points  (Pnex)  can  be  seen.  These 
are  believed  to  represent  minimal  recruitment  pressures  (lower 
P(iex)  and  overdistending  pressures  (upper  Pnex).  The  ideal  ventila- 
tory pattern  using  these  measurements  would  be  a  PEEP  just 
above  the  lower  Pnex  and  a  Vt-PEEP  combination  that  prevented 
peak  aira/ay  pressures  from  exceeding  the  upper  Pnex  (Reprinted 
from  Reference  32,  with  permission). 
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A  promising  and  clinically  applicable  approach  has  been 
proposed  that  utilizes  a  constant-flow  mechanical  breath  at 
varying  levels  of  PEEP  to  identify  both  the  minimum  le\  el 
of  PEEP  required  to  maintain  alveolar  recruitment  and  the 
overdistention  pressure.-'' 

Strategies  To  Minimize  Alveolar  Overdistention 

Reducing  alveolar  overdistention  during  mechanical  ven- 
tilation can  be  accomplished  by  maintaining  either  baseline 
pressure  and  volume  at  minimum  levels  or  tidal  pressures  and 
volume  disteiiti(Mi  at  minimum  levels.  HovvcNcr.  concessions 
may  be  required  in  terms  of  blood-gas  \alues  (Table  2). 

Table  2.      Conce^,sions  To  Consider  When  Minimizing  Positive  End- 
Expiratory  Pressure  (PEEP)  and  Tidal  Volume  (Vj) 

Minimizing  PEEP 


Clinical  Targets: 


Concessions: 


Minimizing  Vj 
Clinical  Targets: 

Concessions: 


Reduction  of  baseline  volume  and  pressure  to 
prevent  or  decrease  alveolar  overdistention 
with  the  applied  tidal  breath 

Requirement  for  higher  Fn),  because  of  lower 
S.,o;.  increased  risk  of  alveolar  collapse,  and 
risk  of  ventilator-induced  injury  because  of 
snap-open  phenomenon  if  PEEP  is  set  below 
the  lower  inflection  point 


Reduction  of  \'j  and  peak  inspiratory  pressure 
to  prevent  ah  eolar  overdistention 

Acceptance  of  higher  P.ico..  lower  pH.  lower 
S.i().  and  need  for  higher  F|o, 


Minimizing  PEEP 

PEEP  is  the  baseline  pressure  applied  to  patients  who  are 
intubated  and  mechanically  ventilated:  it  establishes  and  main- 
tains end-expiratory  or  baseline  lung  volume — FRC.  Mini- 
mizing PEEP,  however,  requires  concessions.  On  the  one  hand. 
H  certain  level  of  PEEP  may  be  needed  to  prevent  alveolar  col- 
lapse and  reduce  lung  injuiy  due  to  the  snap-open  phenomenon. 
Moreover,  aheoli  that  do  not  collapse  inovide  bettei'  gas 
exchange  and.  thus,  allow  use  of  a  lower  F|0;.  On  the  other 
hand,  high  PEEP,  apjilicd  in  an  attempt  to  nomialize  P.,o,.  may 
be  counterproductive  if  it  results  in  alveolar  overdistention. 

Practical  ways  to  assess  adequate,  yet  safe.  PEEP  and  peak 
airway  pressure  are  needed.  In  the  absence  of  P-V  plots,  one 
approach  is  the  use  of  gas-exchange  variables.  For  example, 
clinical  studies  have  demonstrated  that  the  lower  Pnex  is  gen- 
erally in  the  range  of  5-15  cm  HiO  in  patients  with  ARDS 
who  require  F|0:  >  0.40.-^ ■•"-'■* Thus,  providing  a  minimum 
level  PEEP  of  5-15  cm  H:0  in  these  patients  may  be  pmdent. 
Another  approach  involves  setting  "best""  PEEP  based  on  the 


compliance  of  the  respiratory  sy.stem  (C,s).  Because  the  slope 
of  the  linear,  rising  portion  of  the  P-V  curve  between  the  lower 
Piic\  and  the  upper  Pn,.^  reflects  C,s.'^  the  magnitude  of  this 
variable  derived  from  a  tidal  breath  may  be  a  reasonable  sur- 
rogate for  plotting  the  two  inflection  points.  With  this  approach, 
a  tidal  breath  approaching  maximum  normal  distention  (ie, 
25-30  cm  H:0)  with  PEEP  of  15  cm  H:0  might  be  used  to 
initially  recruit  all  recruitable  alveoli.  The  best  PEEP  might 
then  be  determined  by  measuring  C.^  as  PEEP  is  progressively 
lowered  to  a  minimum  of  5  cm  H2O.  Best  PEEP,  then,  is  that 
which  results  in  the  highest  value  of  C|-v 

Because  a  le\'el  of  PEEP  set  by  mechanics  measurements 
may  not  result  in  maximum  values  of  P.,o;.  this  strategy  may 
require  a  higher  Fio;.  Alternatively,  arterial  oxyhemoglobin 
saturation  (S.,(), )  lower  than  that  tisually  considered  accept- 
able may  be  tolerated  (eg.  85-889r)  prtivided  oxygen  deliv- 
ery can  be  maintained  using  other  methods,  such  as  increas- 
ing ciudiac  otilpiil  and/or  increasing  hemoglobin  concentration. - 
Prolonging  inspiratory  time  can  also  be  used  as  an  alterna- 
tive to  additional  PEEP,  when  alveolar  recruitment  seems  opti- 
mal but  oxygenation  is  inadequate.  A  longer  inspiratory  time 
has  two  effects.  First,  there  is  a  longer  gas-mixing  peiitxl  within 
the  alveoli,  and  the  time  of  exposure  of  capillaries  to  gas-filled 
alveoli  is  extended.  This  alone  may  serve  to  reduce  the  alve- 
okir-ailerial  t)xygen  difference."  A  second  effect  of  a  prolonged 
inspiratory  time  is  the  prevention  of  complete  lung  empty- 
ing because  of  the  consequently  shorter  expiratory  time  that 
may  produce  intrinsic  PEEP  and  result  in  air  trapping.  '^  It  is 
well  known  that  iiilrinsic  PEEP  functions  much  like  applied 
PEEP  in  its  effects  on  FRC.""'"^  However,  the  effects  of  intrin- 
sic PEEP  may  be  primarily  within  easily  distended  lung  units, 
placing  them  ai  s|x?cial  risk  for  iaipture.'''Tlius.  alveolar  overdis- 
tention can  again  become  a  problem  u  hen  air  trapping  and 
intrinsic  PEEP  de\ clop  and  prolonged  inspiratory  time  must 
be  used  with  caution  and  with  careful  monitoring  of  intrin- 
sic PEEP. 

Minimizing  Vx 

Alveolar  distention  can  be  nnninnzed  by  limiting  tidal-vol- 
ume distention.  In  the  past,  delivered  Vjs  as  high  as  15-20 
mUkg  were  often  recommended.  Tliis  recommendation  evolved 
from  the  practice  in  anesthesia  before  the  development  of  PEEP. 
when  large  Vys  were  required  to  overcome  atelectasis.  Low- 
ering V-js  to  6-S  niL/kg  reduces  alveolar  pressures  and  alve- 
olar distention.-'^ -''""'To  some  degree,  alveolar  ventilation  can 
be  maintained  by  increasing  the  respiratory  frequency.  Ulti- 
mately, however,  rapid  rates  cannot  compensate  for  the  loss 
of  Vj.  During  ventilation  with  low  V] .  alveolar  ventilation 
falls,  arterial  Paco:  lises  and  arterial  pH  falls.- -**-"'-"  ■'-This 
strategy  is  often  referred  to  as  permissive  hypercapnia.  and 
pHs  with  this  strategy  have  been  reported  to  fall  below  7.0. 
The  effects  of  normoxic  hypercapnia  are  only  beginning  to 
be  understood.  In  general,  however,  human  subjects  appear 
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to  tolerate  an  arterial  pH  as  low  as  7.15  and  Paco:of80  torr 
quite  well.^'  The  rate  at  which  the  Paco2  is  allowed  to  increase 
should  be  slow  (eg.  10  torr/h)  to  allow  time  for  intracellular 
pH  to  adjust.^' 

Caution  must  be  used  when  respiratory  acidemia  is  per- 
mittetl  in  patients  w  ith  intracianial  mass  effects,  recent  myixjar- 
dial  infarctions,  pulmonary  hypertension,  and.  possibly,  gas- 
trointestinal bleeding.-"*"  Respiratory  acidemia  may  also  cause 
dyspnea  and  agitation  in  crilicalK  ill  patients,  requiring  that 
they  be  heavily  sedated  or  paralyzed.^'  In  an  animal  model 
of  acute  lung  injury,  pulmonary  shunt  was  higher  when  ven- 
tilation was  achie\ed  with  smaller  Vxs.-"Thus.  low  Vys  may 
require  an  increased  level  of  PEEP  and/or  Fio:  to  maintain 
acceptable  levels  of  arterial  oxygenation.  As  noted  previously, 
in  patients  w  ith  ARD.S  who  were  matched  to  historical  con- 
trols by  physiologic  scores.  low-Vy  strategy  was  associated 
with  lower  mortality.-**  Even  more  compelling  is  a  recent  pre- 
liminary report  of  a  controlled  trial  using  both  low  Vys  and 
PEEP  set  above  the  lower  Pn^-x.  The  results  suggest  trends  in 
favor  of  this  lung-protection  strategy.-'' 

In  Conclusion 

Considerable  data  support  the  existence  and  seriousness 
of  stretch  injury.  Indeed,  it  is  reasonable  to  assume  that  lung 
units  'designed"  to  withstand  transaheolar  pressures  of  30- 
40  cm  H:0  at  maximum  \ olume  would  be  subject  to  injury. 
when  distended  beyond  that  le\el.  Lung-protection  \entila- 
tory  strategies  using  lower  baseline  pressure  (PEEP)  and  smaller 
tidal  excursions  ( Vj)  ret|uire  some  concessions. 

Lower  baseline  distention  witli  PEEP  may  result  in  increased 
Fio:  requirements  and  lower  SaO;  values  and  must  be  balanced 
against  the  requirement  for  PEEP  high  enough  to  maintain 
alveoku"  recnutment  and  reduce  \entilator-induced  lung  injun . 
Similiirly.  lung  protection  offered  by  the  use  of  strategies  such 
as  low  tidal-\(ilume  ventilation  and  permissive  hypercapnia 
must  be  balanced  against  the  potential  consequences  of  res- 
piratory acidemia. 

Roth  uncontrolled  and  preliminary  reports  from  controlled 
trials  using  lung-protective  strategies  suggest  their  associa- 
tion w  ith  improved  patient  outcome.  However,  carefully  con- 
ducteil.  randomized  controlleil  studies  are  needed  to  fully  assess 
the  role  of  these  approaches. 

REFERENCES 

1.  Muna\  JH,  Rcspiialion.  In:  Smilh  LH.  Then  S.  cililors  Palhophys- 
iology.  PhrladelphKi:  \VB  Saunders.  I98.'i:7fi3. 

2.  Slul.sk>'  Ai-.  Mechanical  \ciililation.  American  College  ol  Chest  Physi- 
cians" Consensus  Conference.  Chest  I993;l04(6):18.'!3-I8.'i9. 

3.  American  Association  for  Respiratory  Care.  Consensus  statement 
on  the  essentials  of  mechanical  ventilators — 1992.  Respir  Care 
I99:;37(9):l()()()-U)()8. 

4.  .Samuelson  WM,  Fulkerson  W  F  Baroirauina  in  mechanical  \cnli- 
latioii,  Proh  Respir  Care  1991;4:52-67. 


5.  Steier  M.  Ching  N.  Roberts  E,  Noclon  TF  Jr.  Pneumothorax  com- 
plicating continuous  ventilatory  support.  J  Thorac  Cardiovasc  Surg 
1974:67(1):  1 7-23. 

6.  Macklin  M.  Macklin  C.  Malignant  interstitial  emphysema  of  the  lungs 
and  mediastinum  as  an  important  occult  complication  in  many  res- 
piratory diseases  and  other  conditions.  Medicine  1950;23:281-358. 

7.  Webb  HH.  Tiemey  DP.  Experimental  pulmonary  edema  due  to  inter- 
mittent positive  pressure  ventilation  with  high  intJation  pressures: 
protection  by  positive  end-expiratory  pressure.  Am  Re\  Respir  Dis 
l974;ll()(5):556-.565. 

8.  Corbridge  TC.  Wtxxi  LD.  Cr;iu  ford  GP.  Chudoba  MJ.  lanos  J.  Szna- 
jder  Jl.  Ad\  erse  effects  of  large  V  i  and  \o\\  PEEP  in  canine  acid  aspi- 
ration. Am  Rev  Respir  Dis  I99();I42(2);3I  1-315. 

9.  Heniande/  LA,  Coker  PJ.  May  S.  Thompson  AL.  Piirker  JC.  Mechan- 
ical ventilation  increases  microvascular  permeability  in  oleic  acid 
injured  lungs,  i  AppI  Physiol  1990;69(6):2057-206l. 

1 0.  Kolobow  T.  Moretti  MP.  Fumagalli  R.  Maseheroni  D.  Pralo  P.  Chen 
V.  Joris  M.  Severe  impaimienl  in  lung  function  induced  by  high  peak 
airway  pressure  during  inechanic;il  \cnlilalioii:  ;ui  expenmcntal  study. 
Am  Rev  Respir  Dis  I987;I35(2):3I2-3I5. 

1 1 .  Maseheroni  D.  Kolobow  T.  Fumagalli  R.  Morelti  MP.  Chen  V.  Buck- 
hold  D  .^cule  respiratory  failure  following  phannacologically  induced 
hyperventilation:  an  experimental  animal  sUidy.  Intensl\e  Care  Med 
l988;l_5(li:S-l4. 

12.  Dreyfuss  D.  Soler  P.  Basset  G.  Saumon  G.  High  infialion  pressure 
pulmonary  edema:  respective  effects  of  high  airway  pressure,  high 
tidal  volume,  and  positive  end-e\piratory  pressure.  Am  Rev  Respir 
Dis  1 988; 1 37(5 1:11.59- 1 1 64. 

1 3.  Dreyfuss  D.  Basset  G.  Soler  P.  Saumon  G.  Intermittent  positive-pres- 
sure hyperventilation  with  high  inflation  pressures  prcxiuces  pulmonary 
microvascular  injury  in  rats.  Am  Re\  Respir  Dis  1985:132(41:880-884. 

14.  Bow  ton  DL.  Kong  DL.  High  tidal  volume  \entilalion  produces 
increased  lung  water  in  oleic  acid-injured  rabbit  lungs.  Crit  C;ire  Med 
I989:I7(9):908-91I. 

1 5  Parker  JC.  Townsley  Ml,  Rippe  B.  Taylor  AE.  Thigpen  J.  Increased 
micixnascuhir  pemieability  in  dog  lungs  due  to  high  peak  airway  pres- 
sures. J  App!  Physiol  I9S4;57(6);I8()9-IS16. 

1 6.  Parker  JC.  Hem;mde/  LA.  Peev  >  KJ.  Mechiinisms  of  ventilator-iiuluced 
lung  injury.  Crit  Care  .Med  1993:2  It  1 1:131-143. 

1 7  Parker  JC.  Hernandez  L.^.  Longenecker  GL.  Peevy  K.  Johnson  W. 
Lung  edema  caused  by  high  peak  inspiratory  pressures  in  dogs.  Am 
Rev  Respir  Dis  l990;l42(2):321-.^28. 

1 8.  Tsuno  K.  Pralo  P.  Kolobow  T.  Acute  lung  injury  from  mechanical 
ventilation  at  moderately  high  airway  pressures.  J  AppI  Physiol 
I990.69(3):9.56-96I. 

19.  Tsuno  K.  Miura  K.  Takeya  M.  Kolobow  T.  Morioka  T.  Histopatho- 
logic pulmonary  changes  from  mechanical  ventilation  at  high  peak 
ai™  a\  pressures.  Am  Rev  Respir  Dis  1 99 1 ;  1 43(  5.  Part  1 1: 1 1 1 5- 1 1 20. 

20.  Drevfuss  t).  Saumon  G.  The  role  of  tidal  viilume.  FRC  ;ind  end-inspi- 
ratory  volume  in  the  development  of  pulmoniirv  edema  follow  ing  iiKxh;in- 
ical  ventilation.  Am  J  Respir  Crit  Care  Med  1 993;  1 48(  5 1: 1 1 94- 1 203. 

21.  Fu  Z.  Costello  ML.  Tsukimoto  K.  Prediletto  R.  Elliott  AR.  Math- 
leu-Costello  O.  West  JB.  High  lung  volume  increases  stress  failure 
in  pulmonary  capillaries.  J  AppI  Physiol  1992:73(1):  123- 1.33. 

22.  Wys/ogrodski  1.  Kyei-Aboagye  K,  Taeusch  HW  Jr,  Avery  ME.  Sur- 
factant inactivation  by  hyperventilation:  conservation  by  end-expi- 
ratory pressure.  J  AppI  Physiol  l975:38(3):461-466. 

23.  Galtinoni  L.  Pesenti  A.  Avalli  L.  Rossi  F.  Bombino  M.  Pressure-vol- 
ume curve  of  total  respiratory  system  in  acute  respiratory  failure: 
computed  tomographic  scan  study.  Am  Rev  Respir  Dis  1987:136(3): 
730-736. 

24.  Gattinoni  L,  Pelosi  P,  Crotti  S,  Valenza  F.  Effects  of  positive  end- 
expiratory  pressure  on  regional  distribution  of  tidal  volume  and  recruit- 
ment in  adult  respiratory  distress  syndrome.  Am  J  Respir  Crit  Care 
Med  1995;I5I(6):IS07-ISI4. 


->,2'> 


RESPIRATORY  CaRE  •  APRIL  "96  VOL  41  NO  4 


Alveolar  Stretch  Injury 


25.  Sandhar  BK,  Nihlcll  DJ.  Argiras  EP.  Diiiinill  MS.  Sykes  MK.  EITccIs 
(if  positive  enil-expiralory  pre^^Ul■e  on  hyaline  membrane  lormalion 
in  a  rabbit  model  of  the  neonatal  respiratory  distress  syndrome.  Inten- 
sive Care  Med  I988;l4(5):538-54(i. 

26.  Muscedere  JG.  Mullen  JB,  Can  K.  Slutsky  AS.  Tidal  ventilation  at 
low  airway  pressure  ean  augment  lung  injury.  Am  J  Respir  Crit  Care 
Med  1 994;  1 491  ."i):  1 327- 1 334, 

27.  Ranieri  VM.  Eissa  NT.  Corbeil  C.  Cliasse  M.  Braid>  J,  .Mat;u-  N.  Milie- 
Emil  J.  Elteets  of  positi\e  end-e\piratoiy  pressure  on  aKeoiar  recruit- 
ment and  gas  cvehange  in  patients  w  ith  the  adult  respiratory  distress 
syndrome.  Am  Rev  Respir  Dis  1991 ;  144(3.  Part  1  ):.544-?.S| , 

28.  Hickling  KG.  Walsh  J,  Henderson  S.  Jackson  R.  Low  mortality  rate 
in  adult  respiratory  distress  syndrome  using  low-volume,  pressure- 
limited  ventilation  with  permissive  hypercapnia:  a  prospective  study. 
Crit  Care  Med  1994;22{  IO):l568-l.'i78. 

29.  Amato  MBP.  Barhas  CSV.  Medeiros  DM.  Schettino  GDP.  et  al.  Ben- 
eficial elTecls  of  the  "open  lung  approach"  v\ith  low  distending  pres- 
sures in  ARDS  (abstract).  Am  J  Rcspn-  Cm  Caic  Med  I99,>;  I  ,S2(6>: 
1 835- 1 846. 

30.  Bond  DM.  McAloon  J.  Froese  AB.  Sustatned  intlations  improve  res- 
piratory compliance  during  high-ricc|uency  oscillatory  ventilation 
but  not  during  large  tidal  volunie  positive-pressure  venlilalion  ni  rab- 
bits. Crit  Care  Med  1994:22(8):  1 269- 1 277. 

3 1 .  Keszler  M.  Ryekman  EC.  McDonald  J  V  Jr.  Sw  eet  LD.  Moront  MG. 
Boegli  MJ.  et  al.  A  prospective,  multicenter.  randomized  study  ol 
high  versus  low  positive  end-expiratory  pressure  during  extracor- 
poreal membrane  oxygenation.  J  Pediatr  I992:I2()(  1 1:107-1 13. 

32.  Roupic  E.  Danibrosio  M.  Servillo  G.  Mcntec  H.  el  Atrous  S.  Bey- 
don  L.  et  al.  Titration  of  tidal  volume  and  induced  hypercapnia  in 
acute  respiratoiy  distress  syndrome.  Am  J  Respii  Crit  Care  Med  1 995; 
152(I):I2I-I28. 

33.  Ranieri  VM.  Giuliani  R.  Eiore  T.  Danibrosio  M.  Milic-Emili  J.  Vol- 


ume-pressure curv  e  of  the  respiratoi  \  s\  stem  predicts  effects  ol  PliEP 
in  ARDS:  "occlusion"  versus  "constant  llim  "  technique  .\ni  J  Respir 
Crit  Care  Med  1994:149(1):  19-27. 
34.  Pulensen  C.  Baum  M.  Hormann  C.  Selecting  \  cntilatoi  settnigs  accord- 
ing to  variables  derived  from  the  quasi-static  pressure/volume  rela- 
tionship in  patients  with  acute  lung  injury,  .^nesth  Analg  1993:77 
(3):4.16-447. 

Suter  PM.  Faiiiey  HB.  Iscnherg  MD.  Optimic  end-expiratorv  airuay 
pressure  in  patients  with  acute  pulmoiKirv  kniine.  N  Engl  J  Med 
1975:292(61:284-289. 

Miller  RS.  Nelson  RD.  DiRusso  SM.  Rulhciford  EJ.  Safcsak  K.  Mor- 
ris JA  Jr.  High-level  positive  end-expiratory  pressure  management 
in  trauma-associated  adult  respiratory  distress  syndrome.  J  Trauma 
l992;34(2):284-290. 

Ainrstrong  BW  Jr.  Maclntyre  NR.  Pressure-controlled,  inverse  ratio 
ventilation  that  avoids  air  trapping  in  the  adult  respiratory  syndrome. 
Crit  Care  Med  l995:23(2):279-285. 

38.  Maclntyre  NR.  Intrinsic  positive  end  expiiatory  pressure.  Prob  Rcspn 
Care  1991:4:44-51. 

39.  Kacmarek  RM.  Kiniise  M.  Nishiniura  M.  Mang  H.  Kimball  WR.  The 
effects  of  applied  PEEP  vs  auto-PEEP  on  local  lung  unit  pressure 
and  volume  in  a  four-unit  lung  model.  Chest  I995;I08(4):I073-I079. 

40.  Darioli  R.  Perret  C.  Mechanical  controlled  hypoventilation  in  sta- 
tus asthmaticus.  Am  Rev  Respir  Dis  l984;l29(3):385-387. 

41 .  Feihl  F.  Perret  C.  Permissive  hypercapnia:  how  permissive  should 
we  be'  Am  J  Respir  Crit  Care  Med  1 994;  1 50(  6.  Part  I ):  1 722- 1 737. 

42.  Tuxen  DV.  Pennissive  hypercapnic  \  entilation.  Am  J  Respir  Crit  CiU'e 
Med  I994:150(3):870-S74. 

43.  Simon  RJ.  Mawilmada  S.  Ivatury  RR.  Hypercapnia:  is  there  a  cause 
for  concern?  J  Trauma  1 994:37(  I  ):74-S  I . 

44.  Hedley-Whyte  J.  Laver  MB.  Bendixen  HH.  Effect  of  changes  in  tidal 
ventilation  on  physiologic  shunting,  .'km  J  Physiol  1964:206:891-897, 


35 


36 


37, 


Maclntyre  Discussion 

Hurst:  Neil.  I  want  to  put  you  on  the 
spot.  You  .said  fiom  youf  slide  that  a  pH 
of  7. 1 5  is  generally  well  tolerated.  Okay, 
that's  fine.  Now.  how  low  will  you  let 
it  go?  And  if  you  let  pH  go  below  7. 1 5, 
what  other  vaiiable.s  should  be  measured 
al  the  bedside? 

Maclntyre:  I  want  to  make  sure  1 
understood  you.  Jim.  1  haven't  quite 
gathered  the  courage  to  go  to  7. 1 5.  I've 
finally  worked  up  the  courage  to  go  7,2. 
Maybe  in  the  next  6  months  I'll  get 
down  to  7,15,  We  obviously  don't  clo 
it  in  ceiebral  injury.  I'm  very  lehictant 
to  do  it.  as  1  said,  in  myocardial  injury. 
Those  are  my  two  big  concerns.  So  to 
ask  me  what  I  would  do  below  7. 1 5 — 
I'm  not  sure  1  know  what  I'd  do  because 
I  haven't  hail  the  courage  to  go  that  low. 
1  normally  "wimp  out'  and  either  deal 
w  ith  a  lareer  tibial  vtiltime  or  some  kind 


of  a  buffer  or  a  frequency  up  to  the  |xiint 
of  air  trapping.  So  I  can't  really  answer 
your  question  because  I've  never  tieaded 
those  waters,  at  least  not  intentionally. 

Slutsky:  We've  treaded  those  waters  a 
little  bit.  You're  getting  a  little  gutsier 
there,  though.  Neil.  At  the  Consenstis 
Conference.'  I  think  you  were  willing 
to  go  down  to  7.38.  So,  you're.... 

I.  Slutsky  AF.  Mechanical  Ventilation. 
Ainerican  College  of  Chest  Physicians 
Consensus  Conference.  January  28-30. 
1993.  Chest  1993;I04(6):1833-1859. 

Maclntyre:  At  that  Consensus  Con- 
ference. All  did  some  fascinating  things. 
One  of  them  was  an  exeicise  with  about 
\5  of  us  around  the  table,  including 
Keith  Hickling  and  John  Downs.  He  jtist 
took  a  stirvey  of  what  the  comfortable 
"minimum'  pH  was  among  these  I  .S 
IX'ople.  I  don't  remenibcrthe  exact  ntim- 
bers.  but  it  was  sotucthine  like  Hick- 


ling's  6.S  to  John  Downs's  7.3.5.  You 
were  kind  enough  to  let  me  have  the 
votes.  I  took  them  home  and  averaged 
them,  and  I  think  it  was  7.30,  if  I  remem- 
ber correctly.  Plus  or  minus  I.O.  So.  I 
went  home  and  said  this  is  the  pH  I'm 
going  to  be  comfoilable  with  because  it 
was  the  average  of  what  this  so-called 
expert  group  decided. 

Slutslvy:  Ob\  iotisly.  thcie  are  no  cor- 
rect answers,  I've  done  sotnc  experi- 
ments with  tracheal  insufflation  in  apneic 
dogs.  We  used  10()7r  O:.  We  saw  the 
Pco:  rise,  the  pH  drop,  and  I  was  sure 
(this  was  more  than  10  years  ago)  that 
the  animals  would  die  at  a  pH  of  around 
6,90,  The  pH  kept  tiropping  and  drop- 
ping, and  nothing  happened  until  about 
6,6.  then  the  blood  pressure  started  to 
lail  off.  and  Ihc  :iiiimals  died  at  pHs  le.ss 
than  6,5,  Just  think  of  this  as  a  log  plot! 
That's  a  luii;c  increase  in  hydrogen  ion 
concentration,  so  it  made  me  a  little  less 
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nei"vous  about  very  low  pHs,  We've  let 
the  pH  drop  in  some  patients  to  about 
7.0.  At  this  point.  I  st;ul  to  get  a  little  ner- 
vous, although  I'm  not  sure  why. 

We  don't  use  it  on  patients  who  may 
have  increased  intracranial  pressure.  We 
watch  mainly  tor  arrhythmias.  Other 
than  that,  we  don't  do  a  lot.  We  don't 
give  bicarb.  When  it  gels  a  little  lower 
than  that  I  get  nervous  and  increase  the 
tidal  volume  a  little  bit.  although  I'm 
not  sure  that's  the  right  thing  to  do.  I 
think  patients  tolerate  it.  and.  in  a  rel- 
atively short  time,  the  pH  starts  to  come 
up  a  little  bit  in  most  ot  them  because 
of  renal  excretion. 

Maclntyre:  Intracellular  buffering  is 
actually  pretty  efficient.  You  can  get  a 
■pretty  whopping'  acidosis  in  the  blood, 
but  inside  the  cells,  there  are  a  number 
t)f  mechanisms  that  actually  allow  fairly 
rapid  compensation  for  pH  shifts. 

Hurst:  .Suppose  you  have  a  patient  with 
a  pH  of  7.0  and  adequate  systemic  oxy- 
gen delivery.  The  arterial-venous  o.\y- 
gen  difference  has  not  widened  from  the 
previous  levels.  Why  wouldn't  you  be 
comfoilahle  at  that  le\  el'.'  Or  would  >  ou? 

Maclntyre:  Well.  ma\hc  I  should  be 
comfoilable.  Jim.  I  must  say  if  I  live  by 
my  rule  of  7.2.  I  would  be  forced  to 
either  wimp  out  on  tidal  volume  or  go 
l(X)k  for  a  butter,  either  bicarb  or  THAM 
or  something.  But  maybe  you're  exactly 
right.  Maybe  1  lun  being  overly  cautious, 
and.  as  you  say.  if  blood  pressure  and 
oxygen  delivery  and  cardiovascuku'  sta- 
tus are  'cool.'  maybe  I  should  just  leave 
them  alone  and  continue  to  try  to  pro- 
tect the  lung  from  high-stretch  injury. 
Certainly  Keith  Hickling  would  .say  that. 

Hurst:  One  other  comment  about 
plateau  pressures.  As  Rich  (Branson) 
will  tell  you.  we  ha\e  for  a  long  time 
been  interested  in  intra-abdominal  pres- 
sure and  its  relationship  to  ventilatory 
and  renal  compromise.  The  thing  that 
bothers  me  abt)ut  an  absolute  plateau 
pressure  of  35  is  iliai  m  patients  with 
what  has  come  to  he  known  in  suri:ical 


circles  as  abdominal  compartment  syn- 
drome. I  think  all  bets  are  off.  One  of 
two  things  is  going  to  happen.  Either  we 
measure  intra-abdominal  pressure  very 
carefully,  very  religiously,  and  decom- 
press the  abdomen  when  intra-abdom- 
inal pressure  reaches  25  mm  Hg.  or  we 
li\  e  with  a  plateau  pressure  that  is  some- 
what higher.  And  what's  somewhat 
higher?  I  don't  know  exactly  what  that 
upper  plateau  is.  As  long  as  the  patient 
is  reasonably  well  ventilated  and  urine 
output  is  reasonable,  we  tend  to  let  that 
plateau  drift  up  a  little  bit.  Wouldn't  you 
say.  Rich'.' 

Branson:  ^'es,  .Inn.  1  ha\e  a  couple  of 
questions  for  Neil.  I'll  get  back  to  the 
PEEP  issue  too.  Permissi\e  hypercap- 
nia  is  a  technique  thai  I'll  have  to  admit 
we  talk  about  doing  in  our  ICU.  but  we 
never  ha\  e  anybody  w  ho  has  a  problem 
eliminating  CO:.  Our  patients  are  mostly 
health) .  young  trauma  patients  and  some 
elderly  patients  after  emergency  surgeiy. 
Suppose  you  have  someone  with  severe 
ARDS  who  has  had  a  pH  of  7.25  or 
maybe  7.3  for  several  weeks,  and  a 
P.,co:  of  80.  What  is  the  effect  of  that 
high  CO:  on  weaning,  and  is  there  any 
effect  on  weaning  lime  because  of  that 
excessive  CO:.' 

.Maclntyre:  There  probably  is  a  theo- 
retical effect  because  the  pH  has  been 
reatljusied  by  renal  mechanisms,  but  I 
don't  think  anybody  has  ever  looked  ai 
w  hat  it's  going  to  do.  I  agree  with  you 
that.  lhcorelicall\ .  that  ma\  be  an  issue. 

Branson:  It  would  seem  to  mc  that  n 
might  actuall\  prolong  weaning.  Boh 
(Kacmarek)  or  Dean  (Hess),  somebod) 
w  ho  does  this — I  ilon't  know  because 
we  doii'i  do  ir.' 

Slut-sky:  Lei  me  talk  theoretically,  first. 
I'm  not  sure  that  it  necessariK  has  lo  pro- 
long weaning.  I  could  make  lui  iugumeni 
(I'm  nol  sure  I  belies e  this  argument) 
that  il  might  actuall)  quicken  the  wean- 
ing process,  if  you're  'guls\'  enough. 
.Suppose  the  P((|.  is  100  nun  Hg.  the 
paiieni  is  stable,  and  the  pH  approaches 


normal  values.  The  minute  \entilation 
that  person  needs  now  to  keep  the  Pco: 
at  100  mm  Hg  is  about  40'~r  of  what 
would  be  needed  to  keep  it  at  40.  So  that 
might  be  a  type  of  patient  you  could  take 
off  the  ventilator.  They  could  be  fine  on 
their  own.  w  ith  supplemental  oxygen 
because  their  ventilatory  requirements 
are  down  substanliall\ .  Then  they  could 
take  care  of  the  rest  ihemsehes.  We 
don't  do  that.  We  dini't  usually  extubate 
people  with  P(().s  of  1(X)—  don't  get  me 
w rong.  But  it  seems  that  when  a  patient 
gets  better  the  Pco;  ^I'ld  pH  seem  to 
quickly  get  taken  care  of.  It's  hard  to 
answer  specifically.  Does  it  lengthen  the 
weaning?  These  patients,  by  definition, 
are  the  sickest  patients:  so.  yes.  if  you 
look  at  it  anecdotalls  their  weaning  may 
be  longer,  but  that  may  be  because 
the\  're  sicker. 

Maclntyre:  I  think  that  is  a  fair  point. 
At  least  in  our  hands  b\  the  time  the 
|iatient's  ready  for  v\eaning.  the  Pco:  h'l'' 
come  back  to  a  more  reasonable  range. 

Kacmarek:  I  ilimk  that's  the  key.  As 
time  goes  by.  CO:  comes  back  dow  ii  il 
you  pay  attention  to  the  ventilaton  strat- 
egy. Although  we'\e  had  patients  in 
whom  this  was  a  problem,  most  of  the 
time  they  were  patients  w  iih  underly- 
ing chronic  lung  disease  who  ha\e  accli- 
mated to  the  high  CO:  and  ha\  e  had  a 
ilitficLill  time  when  we  wanted  lo  wean 
ihcm.  P.ico;  did  nol  readjust  as  rapidly 
as  expected.  But  in  my  experience,  in 
most  patients  just  as  P,((v  goes  up  grad- 
ualK .  it  comes  dow  n  gradually  lo  base- 
line as  the  patient  improves. 

Hess:  You  don'l  usualK  start  to  wean 
iheni  w  hen  their  Pco,  is  90  torr  and  iheir 
pH  is  7.2.  By  the  lime  you  start  to  wean 
them,  you've  usualK  fixed  a  lot  of  other 
things:  so.  ihe\  aren't  ai  their  peak  level 
ol'|XMiiiissi\e  h\|X'rcapnia.  If  I  could  gel 
back  lo  the  thing  thai  Jim  ( HuiM)  broughl 
up  ami  .An  ( Sluisk\ )  and  Rich  (Branson) 
remarked  on.  regarding  the  high  intra- 
abdominal pressures  and  whether  you 
can  allow  the  plateau  pressures  to  go  up. 
The  thine  that's  bothering  me  about  that 
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is — and  ma)  be  some  ot  you  caii  lielp  me 
with  this — if  your  abdominal  pressure 
goes  up.  from  ascites  or  \vhate\  er.  how 
is  that  pressure  transmitted  to  the  pleu- 
ral space?  Is  the  pressure  transmitted 
equally  throughout  the  pleural  space  or 
do  you  end  up  increasing  the  pleural 
pressure  in  the  bases  so  you  increase  the 
plateau  pressure  and  just  o\erdistend  the 
more  apical  parts  of  the  lung.'  Is  my 
question  making  any  sense? 

Hurst:  \es.  its  making  a  lot  of  sense. 

Hess:  r\e  wrestled  w ith  that,  and  the 
question  has  come  up  in  our  ICU.  This 
guy's  abdomen  is  distended,  so  can  we 
accept  higher  plateau  pressures?  My 
response  has  been  I  don't  know  because 
1  don't  know  how  that  pressure  is  going 
to  be  transmitted  to  the  pleural  space. 

Hurst:  I  don't  know  of  an\bod\  who 
knows,  do  you  Rich  ( Bianson)?  One  can 
assume  that  these  patients  are  nursed  in 
the  supine  position.  We're  not  talking 
about  patients  with  ascites.  What  v\e  top- 
ically see  is  the  patient  with  a  huge 
retroperitoneal  hematoma  or  a  postre- 
suscitative  diffuse  edema.  Any  attempt 
to  close  these  patients'  abdomens  results 
in  a  huge  increase  in  intra-abdommal 
pressure.  When  you  look  at  the  chest  \- 
ray.  the  diaphragm  is  not  lower  than 
maybe  the  3rd  or  4th  intercostal  space. 
One  would  presume  that  at  that  point 
pulmonary  parenchymal  compliance  is 
reasonably  normal.  The  reason  I  say  that 
is  that  if  you  take  them  back  to  the  oper- 
ating room  and  decompress  the  abdo- 
men, all  of  a  sudden  the  peak  inflation 
pressures  come  dov\  n.  plateau  pressures 
come  down.  If  you  were  \entilating 
them  at  one  plateau,  then  at  that  same 
plateau  pressure,  resulting  tidal  volume 
is  much  larger.  I'm  not  sure  that  we  can 
say  the  same  thing  for  the  patient  who 
has  ,^RDS  and  w  ho  then  has  an  increase 
in  intra-abdominal  pressure.  I  don't 
know  that  anybody  can. 

Peruzzi:  We've  recently  begun  a  li\er 
transplant  program,  and  we've  been 
dealing  with  patients  like  this.  In  terms 


ot  the  transmission.  1  think  that  there  are 
two  aspects — one  is  the  diaphragmatic 
pressure  transmitted  from  the  abdomen 
and  the  other  is  the  accumulation  of 
pleural  ettiision  that  comes  with 
intractable  ascites.  Both  of  those  things 
are  e.xuinsic  mechanical  restrictive  pro- 
cesses that  tend  to  be  more  uniformly 
applied.  When  this  situation  develops, 
the  abdominal  and  pleural  fluid  tends. 
I  think,  to  create  a  more  global  increase 
in  intrathoracic  pressure.  In  that  cir- 
cumstance, higher  pressures  can  be  tol- 
erated because  alveolar  overdistention 
is  not  the  primary  concern  with  the 
increased  pressures. 

SluLsky:  I  think  the  pleural  pressures  do 
go  up.  Dean,  and  that  it  is  reasonably 
safe  to  use  substantially  higher  pressures. 
The  ideal  approach  is  to  use  an  eso- 
phageal balkK)n  to  provide  an  estimate 
of  pleural  pressure — you  can  then  go 
quite  a  bit  higher  on  airwav'  pressures, 
monitonng  transpulmoiKu-y  pressure.  In 
fact,  as  Jim  said,  if  you  have  lungs  that 
look  like  they're  well  below  their  FRC. 
even  though  the  inflation  pressures  are 
high,  the  outside  pressure,  the  pleural 
pressure,  is  substantially  higher. 

Adams:  We've  been  talking  about 
regions  of  injuiy.  1  hav  e  a  question/com- 
ment about  injury  usually  occuning  in 
the  dependent  segments.  How  is  it  that 
placing  a  patient  prone  seems  to  lead — 
in  at  least  half  the  cases — to  an  improve- 
ment'.' Do  you  believe  it's  due  to  redi.s- 
tribution  of  blood  How  because  of  the 
prone  p<isition  or  because  of  the  decrea.se 
in  the  range  of  pleural  pressures  from 
the  top  to  the  bottom  that  is  seen  when 
you  place  patients  prone? 

MacIntyre:  Wow!  Placing  a  patient 
prone  is  a  fascinating  concept.  It's  ter- 
rifying to  the  nurses  in  oiu'  ICU  that  we 
would  ev en  consider  such  a  maneuver. 
But  1  think  Gattinoni  has  cleai  ly  shown 
that  things  do  change  dramatically  when 
you  go  into  the  prone  position.'  Cle;uly. 
blood  flow  now  goes  toward  the  ster- 
nal part  of  the  chest,  and  I  think  the 
hv  drostatic  edema  effects  ;u"e  also  shifted 


to  those  newly  dependent  regions  of  the 
lung.  In  fact,  maybe  the  best  way  to  han- 
dle somebody  would  be  to  put  them  on 
a  rotisserie,  so  that  they  are  constantly 
turning — over  a  24-hour  period  of  time 
or  something  of  that  nature.  I'm  not  sure 
it's  anything  more  complicated,  though, 
than  just  shifting  of  edema  fluid  and 
blood  flow  from  one  region  of  the  lung 
to  another.  Maybe  somebody  else  feels 
differently.  Jim? 

1 .  Gattinoni  L.  D' Andrea  L.  Pclosi  P.  Vilale 
G.  Pe.senii  A.  Fumagalli  R.  Regional 
effects  and  mechanism  of  peak  end-expi- 
ratory pressure  in  early  adult  respiratory 
distress  syndrome.  JAMA  1993;269(16): 
2122-2127.  See  the  puhliahecl  erruitim 
JAMA  1 99.^:270(1 5 1: 1  SI  4. 

Hurst:  No.  I  was  Just  going  to  say  that 
when  I  was  in  San  Diego.  Dick  Peters 
and  Dick  Virgilio  were  very  interested 
in  just  this  issue.  TTiere  was  a  time  when 
we  had  patients  with  ARDS  w  hom  we 
either  nursed  on  a  circle  electiic  bed  (for 
those  of  us  w  hi)  are  old  enough  to 
remember  those )  or  on  Stryker  frames. 
While  you  did  realize  some  transient 
improvement,  that  improvement  was  not 
sustained.  I  guess  the  thing  that  made 
us  the  most  nervous,  in  addition  to  the 
nurses  being  nervous,  was  that  when  you 
lost  a  critical  airway  in  patients,  face 
down,  it  is  a  real  disaster.  The  combi- 
nation of  lack  of  sustained  improvement 
and  the  airway  management  issues  led 
us  to  abandon  that  technique.  Of  course, 
our  understanding  in  the  late  60s  was  a 
lot  different  than  it  is  now.  So  maybe  it's 
worth  revisiting. 

Slutsky:  Rick  Albert  and  his  grotip  have 
published  a  number  of  things'  "on  prone 
position,  and  some  studies  in  dogs.  It 
seems  that  the  prone  position  is  better. 
However,  dogs  are  different,  you  know. 
They  have  a  funny  shaped  chest,  and  1 
think  the  grav  itational  factors  plus  the 
geometi7  don't  m;ike  that  a  great  model 
for  humans.  WTiatever  the  inflammatory 
response  or  whatever  the  damage  w  hen 
you're  nui'sing  someone  supine,  when  you 
then  turn  them  prone,  they're  going  to  lie 
better  for  a  little  while,  but  mv  eucss  is 
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thai  thc\  iire  going  to  get  vvoi-sc  ag;un.  Our 
concerns  ;ue  exactls  the  same  in  temis  of 
the  niiiMMg.  I  think  those  ;u'e  re;d  concerns. 

1.  Alhcil  RK.  1-casa  1),  Sanderson  M. 
Rohcilson  HI.  HIaslala  MP.  Tlie  prone 
position  improves  ;ulerial  oxygenation  and 
reduees  sliiml  in  oleic-aeid-induced  acute 
luni;  injiirv.  Am  Re\  Respirf)is  I9S7;I.^.S 
(.^):(i2S-fi.^.V 

2.  Wiener  CM.  Kirk  W .  Albert  RK.  Prone 
position  reverses  gravitational  distribution 
ot  perfusion  in  dog  lungs  with  oleic  ucid- 
iiuluccd  injury.  J  Appl  Physiol  I990;68(4): 
1.^86-1392. 

3.  Glenny  RW.  Lamm  WJK.  .Albert  RK. 
Robertson  HT.  (ira\it\  is  a  minor  deler- 
ininant  of  pulmonary  blood  How  distri- 
hulion.  J  Appl  Physiol  I9')l;71(2):62()-fi29. 


Hransini:  Neil,  on  another  subject — Is 
tlie  incieasc  in  PEEP — when  you  have 
the  same  plateau  pressure — protective 
because  you  don't  have  the  opening  and 
closing'.'  Is  PEEP  protective  ot  the  lung 
injury  ?  Or.  is  it  simply  the  fact  that  when 
you  go  from  zero  to  10  cm  HiO  of  PEEP 
and  your  peak  pressure  is  still  43  cm 
H:0  that  you're  pressure  sv\  ing  now  is 
only  .■^.3? 

Maclnty  re:  The  question  is  clear,  the 
answer  is  not.  11  you  put  PEEP  in  there 
and  the  plateau  stays  exactly  the  same, 
that  implies  \otr\e  really  improved 
compliance  and  probably  recruited  a 
g(H)d  hunk  of  lung.  In  so  doing,  you  have 
not  increased  the  maximal  stretch  at  all 
because  the  plateaus  remain  the  same, 
and  you  probably  have  induced  some 
lung  protection  from  the  opening  and 
closing.  One  could  even  argue  that  the 
tidal  distention  or  the  tidal  pressure 
swings  in  the  healthier  aheoli  thai 
weren't  collapsed  are  going  to  be  less 
now .  loo.  Ihat  may  be  also  protective. 
Bill  a  loi  (d  this  is  spectilalion. 

Sliit.sk> :  I'here's  a  paper  b\  Corbridge' 
and  his  grouji  in  which  thes  adilressed 


that — in  a  way.  They  increased  the 
PEEP  and  found  decreased  evidence 
of  lung  injury.  Their  discussion  re- 
\  tilved  around  the  concept  that  you're 
talking  about.  The  pressure  swings 
were  smaller,  so  the  AV/AP  was  a  lot 
less.  I  think,  however,  that  the  open- 
ing and  closing  (rather  than  the  swings 
of  pressure)  is  what  is  important 
although  I  don't  know  of  any  studies 
that  specifically  have  addressed  that  by 
increasing  the  peak  pressures  the  equiv- 
alent amount. 

1  Corbridge  TC.  Wood  LD.  Crau  ford  CiP. 
Chudoba  MJ,  Vanos  J.  S/najder  Jl. 
Ad\  erse  effects  of  large  V  i  and  low  PlitiP 
in  canine  and  acid  aspiration.  Am  Rev 
RespirDis  l')')0;|42l2i.M  1 -315. 

Maclntyre:  l-rom  l)re> fuss's  data.'  if 
you  glue  a  couple  of  his  figures 
together,  you  can  see  that  for  the  same 
peak  pressures  of  4.'i  cm  HoO.  if  you 
generate  that  peak  pressure  with  a  small 
tidal  volume  and  a  lot  of  PEEP,  as 
opposed  to  (///  lidal  volume  and  no 
PEEP,  you  get  much  less  injury  with 
the  small  tidal  yolume/PEEPthan  with 
the  large  tidal  volume-no  PEEP. 

1  Dicvfuss  n.  S.iumon  K,  The  role  of  tidal 
vohime.  IRC,  and  end-e\piratory  \okime 
in  the  elevelopmenl  of  ixilmomuy  edema  fol- 
lowing iiKvhanical  ventilation.  Am  J  Respir 
Crit  Care  Med  1 993; 1 48(5):  1 184-1203. 

Pcruzzi:  1  think  that  is  borne  out  in  that 
last  study  thai  I  talked  about — Gatti- 
noni'  looking  ai  ihe  distribution  of  tidal 
\  nitime.  He  looked  at  aheolar  recruit- 
ment in  association  with  tidal  \enlila- 
tion.  plateau  pressure,  and,  also,  w  ith 
PEEP  and  found  that  indeed,  at  least  bs 
CT  scans,  that  ihe  amount  of  recruit- 
ment going  on  m  ihc  iiiiddle  lung  seg- 
ments was  decreased  y\ith  PEEP 
ap|ilied.  The  upper  lung  segments  were 
not  oveidistended  any  further,  and  the 
lower  knii;  seomenis  still  had  a  rea- 


sonable anK)unt  ol  recmitment  going  on. 
as  much  as  was  going  on  with  the  tidal 
volume.  But  by  and  large,  the  appli- 
cation of  PEEP  did  obliterate  that  col- 
lapse and  opening  associated  with  the 
lidal  ventilation. 

I .  Galtinoni  1..  D"  Andrea  1..  Pelosi  P.  Vitale 
G.  Pesenli  A,  Funiagalli  R.  Regional 
effecls  and  mechanism  of  peak  end-expi- 
racory  pressure  in  early  adult  respiratory 
distress  syndrome.  JAMA  1993;269(  16): 
2122-2127.  See  lite  published  eiraliim 
JAMA  IWJ:270II5):ISI4. 

Sliitsky:  That's  the  easy  answer  to 
\iuir  problem.  Sort  of  tongue-in-cheek, 
I  sav  just  do  CT  scans  on  everybody 
at  different  lung  volumes  at  iiiiilliple 
time  points. 

Kacniarek:  If  you  go  back  to  the  Webb 
and  Tierney  article  from  1074.'  the 
group  they  ventilated  at  45  cm  HjO  w  ith 
no  PEEP  had  the  most  injury.  In  the  2 
other  groups,  both  with  10  cm  HiO 
PEEP  but  one  with  .^0  cm  H:0  and  one 
w  ith  45  cm  H:0  as  a  |ieak  pressure,  the 
injury  w  as  pretty  similar  and  much  less 
than  that  in  the  group  w  ithout  PEEP. 
This  is  the  only  study  that  I  know  of  that 
addressed  the  issue  of  looking  at  PEEP 
and  the  difference  in  total  stretch  on  the 
e\ient  of  injtiry. 

I .  Webb  HH,  Tiemev  DE.  Uxpcrimental  pul- 
monary edema  due  to  intermittent  posi- 
tive pressure  venlilation  with  high  infla- 
tion pressures:  protection  by  positive  end- 
expiratory  pressure.  Am  Rev  Respir  Dis 
1974:1  l()(.S):556-.565. 

Maclntyre:  I  think  what  this  is  show- 
ing us  is  that  all  of  these  effects  are 
probably  playing  a  role — collapse. 
slretch.  frequency,  acceleration,  dura- 
tion— all  of  them  are  probably  playing 
a  role  and.  depending  upon  study 
design,  one  is  going  to  have  a  pre- 
dominance over  the  other. 
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Introduction 

Management  of  present-day  mechanical  ventilation  can 
be  a  complex,  sophisticated  process.  We  recently  went  to  the 
bedside  of  a  critically  ill  patient  on  mechanical  ventilation  and 
counted  the  number  of  variables  that  were  reviewed  for  clin- 
ical decision  making  (eg.  Fjo:.  Vy.  ventilator  rate,  peak  pres- 
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sure,  and  others).  These  were  not  repeated  measurements — 
.systolic  blood  pressure  only  counted  once  even  though  it  was 
ineasured  several  times.  The  total  was  in  excess  of  236  vari- 
ables ! '  Table  1  summarizes  the  number  of  options  for  settings 
on  mechanical  ventilators.  This  total  includes  only  7  common 
settings.  It  does  not  include  the  inore  esoteric  settings  avail- 
able on  many  mechanical  ventilators  today.  Despite  this  sim- 
plification, more  than  M  billion  permutations  are  available 
from  these  7  mechanical  ventilator  settings.  In  a  real  clini- 
cal situation,  one  would  not  have  as  many  different  types  of 
ventilators  or  modes  to  choose  from  and  would  nomially  only 
change  the  settings  in  discrete  steps  (eg.  Fk),  in  10%  incre- 
ments). This  reduces  the  number  of  possibilities  to  1.3  mil- 
lion. When  a  clinician  makes  a  decision  about  changing  ven- 
tilator settings,  it  may  only  be  necessary  to  choose  whether 
to  increase  or  decrease  the  setting  or  to  make  no  change  at 
all.  This  dramatically  simplifies  the  problem,  leaving  only  972 
permutations.  If  one  argues  that  all  that  needs  to  be  decided 
is  whether  to  make  any  change,  only  1 28  possible  combinations 
remain.  Even  if  one  considers  all  of  the  settings  to  be  inde- 
pendent of  one  another  (eg.  the  effect  of  positive  end-expi- 
ratory pressure  [PEEP]  =1.'^  cm  HjO  is  the  same,  regardless 
of  ventilator,  mode,  or  Fio:),  the  smallest  number  of  choices 
is  14. 
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Table  1 .      The  Complexily  ol  Decision  Making  in  Mechanical 
Ventilation 

Variable  Global  Clinical  T.  i,  or         Change? 

Possibilities'-        Scenario         No  Change  Y/N 


Ventilator 

15 

3 

2 

-) 

Mode 

10 

5 

2 

2 

Fio. 

79 

9 

3 

2 

Tidal  Volume 

50 

10 

3 

2 

Ventilatory  Rate 

45 

12 

3 

2 

Peak  Flow  or  I:E 

35 

8 

3 

2 

PEEP 

40 

10 

3 

■> 

Perniutalions       37.3 

27.500.000 

1 .296.000 

972 

128 

Sum 

274 

57 

19 

14 

•Global  possibilities  inLlinIc  .ill  iiplions  lor  changes  leg.  79  possible  choices  ot 
F|o,.0.2 1  .().22.().2.1. .  .().9S.0.yy.  1 ,00).  whereas  the  Clinical  Scenarios  options  are 
the  number  that  would  be  clinically  leasible  (Fio.  is  only  changed  in  IO''f 
increments).  The  column  with  the  up  and  down  arrows  show  the  number  of 
decisions  possible  when  a  variable  can  only  increase  T.  decrease  i.  or  remain  un- 
changed. The  last  column  has  only  2  options  for  each  setting.  The  Permutations  to- 
tals assume  that  the  variables  interact  whereas  the  Sum  lolals  assume  that  the  vari- 
ables do  not  interact- 


Psvchologists  have  known  for  years  that  liiiman  beings  ha\e 
a  limited  capacity  for  processing  parallel  inforniation.  They 
have  created  a  rule  that  is  known  as  the  "magic  number  7  ± 
2."^  This  implies  that  humans  can  only  process  7  simultaneous 
streams  of  information.  How  is  it  possible  to  manage  a  \'en- 
tiUiloi  on  ii  critically  ill  patient  with  more  than  200  variables 
and  a  thousand  or  more  possible  choices  for  settings';'  Da\  id 
Eddy  summarized  it 

It  is  simply  uiircalislic  to  think  that  individuals  can 
synthesize  in  their  head  scores  of  pieces  of  evidence, 
acvutatelv  estimate  the  outcomes  of  dilTerenl  options, 
and  accurtitelv  jttdge  the  dcsirabilitv  til'  ihttsc  oiilcomes 
lor  patients....  All  confirm  what  would  be  e.xpected 
IVom  common  sense:  The  complexily  of  modern 
medicine  exceeds  the  inherent  limitations  of  the  unaided 
htiniaii  mind.' 


Decision  support  tools  for  management  of  patients  on 
mechanical  ventilation  are  clearK  desirable. 

Tools  For  Decision  .Support 

Figure  I  illustrates  the  categories  of  decision  support  avail- 
able for  mechanical  ventilation;  education  and  training,  ref- 
erence materials,  conceptual  frameworks,  cookbooks  or  rules 
of  thumb,  guidelines,  care  paths,  clinical  protocols  and  spe- 
cific executable  protocols.  Figure  I  also  describes  the  dis- 
tribution of  resources  among  these  different  tools.  Clearly, 
education  and  reference  materials  are  the  primary  founda- 
tion; however,  in  recent  years  guideline  development  has 
grown  into  a  huge  effoil  throughout  the  U.S.  Interest  is  grow- 
ing in  llie  development  and  use  of  clinical  prolocoK.  The  mosi 


basic  endeavor  is  the  creation  of  specific  executable  proto- 
cols. However,  the  ability  of  these  tools  to  standardize  care 
is  inversely  related  to  their  position  on  the  pyramid — edu- 
cation and  training  provide  the  least  amount  of  standiudization 
and  specific  executable  protocols  provide  the  highest  level 
of  standardization. 


H 


Clinical  Prolocols 
Care  Plans 


Specific 

Executable 

Protocols 


Guidelines 


Cookbooks 


Conceptual  Frameworks 


Reference  Materials 


Education  and  Training 


Fig.  1.  Decision  support  tools  available  for  mechanical  ventilation. 
The  area  of  each  rectangle  is  meant  to  imply  the  relative  distnbu- 
tion  of  resources  allocated  to  develop  these  different  tools. 


Education  &  Training 

Education  and  clinical  training  are  at  the  heart  of  helping 
clinicians  manage  patients  on  mechanical  ventilation.  This 
category  includes  college,  graduate  school,  medical  school, 
local,  regional  and  national  meetings,  and  other  continuing 
education  programs.  This  decision-support  tool  lays  a  solid 
foundation;  however,  it  is  not  a  tool  that  can  easily  referred 
to  in  a  clinical  setting,  unless  one  has  a  good  memory.  Tra- 
ditional education  d(x;s  not  provide  any  level  of  standardization 
in  the  process  of  management  of  mechanical  v  entilation.  It 
may  actually  promote  the  opposite  because  each  training  pro- 
gram, and  even  each  professor  in  the  program,  may  impart 
a  unicpie  perspective  to  students. 

Reference  &  Training  Materials 

Reference  mtilerials  are  tools  that  pro\  ide  a  link  belween 
education  and  training  and  clinical  practice.  One  can  find  btniks. 
jotirnals.  videotapes,  and  other  Ibrnis  of  reference  materials 
in  medical  libraries  and  on  individuals"  bookshelves.  These 
tools  are  typically  not  available  at  the  point  of  care  and  are 
infrequently  referenced  during  the  decision  making  process 
at  the  bedside.  Some  pocket  reference  guides  are  attempts  to 
bridge  this  gap.  These  tools  tlo  not  provide  any  level  of  stan- 
dardization, and  they  cannot  prov  ide  quick  and  easy  help  for 
solving  a  unique  clinical  problem  (eg,  at  2  AM,  Mrs  Jones's 
P,,(),  is  only  A5  toiT.  and  PEEP  is  already  \5  cm  H:0  with  F|0; 
1.0.  What  do  you  do'.'). 

As  computers  bcconie  more  conunonplace  at  the  point  ot 
care,  access  to  electronic  reterence  materials  becomes  more 
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feasible.  A  variety  ol' World  Wide  Web  pages  and  list-server 
groups  are  evolving  in  the  field  of  respiratory  eare  and  con- 
tain information  on  management  of  meehanieai  \entilatioii. 
The  National  Library  of  Medicine  "*  as  well  as  seseral  other 
integrated  academic  inlormation  management  system  (I AIMS) 
research  sites  have  been  woiking  hard  to  integrate  reference 
databases  such  as  MEDLINE,  and  e\en  full  text  references, 
into  the  cNcryday  work  en\ironment  of  the  hospital.  It  has  been 
suggested  that  e\entually  information  systems  would  issue 
context-sensitive  searches  automatically.  For  example,  when 
the  clinician  examines  data  froiu  the  mechanical  \entilator. 
the  computer  might  issue  a  queiy  for  cuirent  references  explain- 
ing the  interpretation  of  the  data  and  therapeutic  options.  If 
the  clinician  needs  help  at  any  point,  he  or  she  might  only  need 
to  push  a  button  to  receive  both  text  and  graphic  information. 
Training  and  teaching  processes  at  the  bedside  could  be  inte- 
grated with  patient  care.  For  example,  if  the  clinician  were 
reviewing  a  pressure-\ cilume  loop  on  the  com|xiter  and  wants 
more  inf()rmation  on  whcie  the  intlection  points  are  and  w hat 
they  mean,  the  computer  could  retrieve  the  latest  journal  arti- 
cles and  enter  into  a  multimedia  training  program  that  would 
describe,  at  the  user's  discretion,  many  different  levels  of  pul- 
monary function  measurement  and  interpretation.  The  nuil- 
timedia  program  might  include  color  images  of  devices  and 
anatomy,  typical  auscultation  sounds,  graphs,  and  text.  This 
type  of  computer-based  leiiming  is  not  new.'  The  advantages 
of  computer-based  institiction  as  a  metliod  of  indej^endent  learn- 
ing were  highlighted  in  the  recommendations  of  the  Association 
of  American  Medical  Colleges'  1984  report  of  the  Project  Panel 
on  the  General  Professional  Education  of  the  Physician  and 
College  Preparation  for  medicine  (GREP)."^  In  fact,  systems 
have  already  been  designed  for  teaching  pulmonary  au.scul- 
tation,^  interpretation  of  blood-gas  and  acid-base  data,**  diag- 
nosis of  chest  pain,''  diagnosis  of  acute  respiratory  failure,'" 
and  airway  management,"  along  with  a  general  model  of  the 
pulmonary  system  known  as  MacPuf.'-  Although  the  results 
of  these  studies  do  not  conclusively  demonstrate  that  com- 
puter-based leiuTiing  is  better  than  traditional  training,  this  field 
is  still  in  its  infancy,  and  it  is  commonly  belie\ed  that  learn- 
ing at  the  point  of  care  will  be  far  more  valuable  than  tradi- 
tional lecture  and  book  formats.'^' 

Conceptual  Frameworks 

Conceptual  frameworks  are  descriptions  of  ventilator-man- 
agement strategies.  These  are  typically  found  in  review  arti- 
cles or  books  that  summarize  the  topic.  They  are  rarely  spe- 
cific and  use  only  the  broadest  of  strokes  in  defining  how  to 
actually  manage  patients  on  mechanical  ventilation.  The  fol- 
lowing is  an  example  from  the  latest  edition  of  the  Handbook 
of  Critical  Care.'' 

. .  .provide  sufficient  oxygen  to  the  tissues  of  ihe  body 
...  to  increase  the  Pjo:  lo  60-70  ton' ...  ARDS  [acute 


iespir;iti)iy  distiess  syndrome |  may  also  require  tiie  addi- 
tion of  PEEP. 


Whereas  these  tools  mav  pros  ide  a  general  conceptual 
framework  for  what  must  be  done,  they  do  not  tell  the  clin- 
ician lunv  to  provide  sufficient  oxygen  to  the  body.  What  nuide, 
Fi()„  and  PEEP  should  be  used?  What  sln)uld  be  assessed  and 
when?  Typically  these  reviews,  even  comprehensive  ones, 
are  not  used  at  the  point  of  care  and  provide  only  marginal 
assistance  for  medical  decision  making. 

Cookbooks,  or  Rules  of  Thumb 

Cookbook  rules  (or  rules  of  thumb)  are  used  in  medicine. 
They  are  also  criticized  as  not  being  focused  on  the  indi\  idual 
patient.  Some  authors  have  essentially  equated  cookbook  rules 
with  poor  quality  medicine.  Management  of  mechanical  ven- 
tilation is  tilled  with  these  cookbook  approaches.  A  g(H)d  exam- 
ple is  the  12/12  rule:  Vj  =  1 2  luL/kg  body  weight  at  a  ven- 
tilattir  rate  o(  I  2  breaths/min.''*  A  prevalent  rule  throughout 
the  respiratt>i-y  care  community  is  that  plateau  pressures  higher 
than  33  cm  HiO  are  harmful  and  should  be  asdided  at  all 
costs. '■"  These  rules  are  appealing  because  they  are  easy  to 
remember  and  to  bring  to  the  bedside  as  aids  for  s|X'citic  patient- 
management  decisions.  Howexer.  they  do  not  pro\  ide  much 
standardization  because  they  are  not  consistently  followed. 

Clinical  Practice  Guidelines 

A  huge  effort  nationwide  is  focused  on  the  generation  of 
guidelines  for  many  diflerent  areas  of  medicine.  Various  orga- 
nizations and  government  bodies  have  con.structed  more  than 
4,()(M)  clinical  guidelines."'  The  Agency  for  Health  Care  Pol- 
icy and  Research  has  had  several  large  programs  focused  on 
developing  and  disseminating  clinical  practice  guidelines." 
The  American  Association  for  Respiiatory  Care  ( AARC)  has 
also  produced  a  large  set  of  clinical  practice  guidelines  focused 
on  respiratory  care.  In  particular,  they  have  produced  the  fol- 
low ing  guidelines  related  to  mechanical  ventilation: 

•  Endotracheal  Suctioning  of  Mechanically  Ventilated  Adults 
and  Children  with  Artificial  Airways''"* 

•  Humidification  during  Mechanical  Ventilation''' 

•  Patient- Ventilator  System  Checks-" 

•  Management  of  Airway  Emergencies-' 

•  Ventilator  Circuit  Changes-' 

•  Metabolic  Measurement  using  Indirect  Calorimetry  dur- 
ing Mechanical  Ventilation-' 

•  Neonatal  Time-Triggered.  Pressure-Limited.  Time-Cycled 
Mechanical  Ventilation--* 

Each  of  these  represents  an  immense  effort  to  review  the 
current  state  of  the  ail  and  prepare  a  guideline.  For  example, 
the  neonatal  time-triggered,  pressure-limited,  time  cycled 
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mechanical  ventilatioir'  guideline  contains  1  IS  numbered 
sections,  cites  1 17  references,  and  is  9  Jouinal  pages  long. 
Cleiuiy.  this  is  an  important  tool  and  does  prov  ide  useful  infor- 
mation to  support  decision  making.  However,  guidelines  are 
typically  filled  with  "weasel  words'-^  that  make  them  ambigu- 
ous and  not  likely  to  standardize  care  or  provide  solid  deci- 
sion support.  Following  are  some  examples  from  the  AARC 
guidelines.  The  weasel  words  are  in  type  that  is  both  bold- 
face and  italic. 

Bl(i()d-Gas  Assessment: 

II  .2. 1  Periodic  sampling  of  blood-gas  values  hs  arle- 

rial,  capillary  or  venous  route.  Pa(h  should  he  kepi 

below  SO  torr...r* 

Ambiguities:  How  often  is  penodic.  2  hours.  4  hours. 

or  what?  How  can  one  ensure  that  PaO;  is  <  80  torr  if 

only  eapillaiy  or  venous  bkxxl  is  drawn!"  How  far  below 

80  toiT  should  P.,(),  he  maintained?  What  is  loo  low? 

PEEP  Adjustment: 

1 1.5.4  PEEP  increases  FRC  |  functional  residual  capac- 
itv]  and  may  improve  oxygenation  and  \eiitilation-per- 
lusion  relationship.  (PEEP  is  typically  adjusted  at  4- 
7  cm  H:0 — levels  beyond  this  range  may  result  in 
hyperinflation . )-"" 

Ambiguities:  What  PEEP  le\el  should  be  used — 4- 
7  cm  H2O'.'  If  so.  what  PEEP  level  between  4  and  7  em 
H:()  should  be  used?  It  the  patient  is  still  hypoxemic. 
should  PEEP  be  increased  beyond  7  cm  H2O'  Is  there 
another  way  to  deal  with  hyperinflation  (eg.  lengthen 
expiratory  time)? 


Decision-support  tools  such  as  these  are  more  specific  than 
conceptual  frameworks.  Ho\ve\er.  they  do  not  provide  spe- 
cific guidance  that  can  be  put  into  use  at  the  point  of  care.  The 
AARC  has  stated  clearly  that  these  Guidelines  were  never 


authors  conclude  that  '"guidelines  often  do  not  affect  clini- 
cal practice  or  health  outcomes."  Many  believe  that  the  issue 
is  implementation — how  do  you  convert  guidelines  to  pro- 
tocols and  integrate  them  into  everyday  practice  at  the  point 
of  care?'* 

Care  Paths 

Care  paths  are  popular  with  nurses  and  with  the  "gate- 
keepers" of  health  insurers.  .\n  example  of  acaie  path  related 
to  mechanical  ventilation  is 

Post  thoracic  surgerv'  patients  should  bt  weaned  and 
extubated  within  24  hours. 

In  general,  care  paths  are  based  on  observing  the  perfor- 
mance of  a  representative  sainple.  This  piirticular  example 
was  derived  by  looking  at  time  to  extuhation  in  a  large  group 
of  patients.  The  time  at  which  the  majority  of  patients  in  the 
group  were  extubated  suggested  24  hours  as  the  'milestone' 
in  the  care  path.  Care  paths  can  help  the  clinician  at  the  point 
of  care  by  outlining  a  general  course.  Howe\er,  they  do  lit- 
tle to  help  with  decisions  that  must  be  made  on  a  moment- 
to-moment  basis  for  individual  patients.  For  example,  what 
should  be  done  about  Mr  Doe  who  underwent  coronary  iirtery 
bypass  surgery  23  hours  ago?  He  is  now  experiencing  anx- 
iety, is  having  difflcultv  clearing  his  secretions,  and.  overall, 
is  struggling  with  the  v\ caning  process.  Should  he  be  extu- 
bated in  an  hour?  Will  he  be  able  to  protect  his  airway?  Care 
paths  are  not  likely  to  provide  the  answer.  Care  paths  can  be 
easily  integrated  directly  into  the  patient's  bedside  chart  to 
be  available  at  the  point  of  care.  New  approaches  to  care  paths 
incorporate  adjustments  based  on  the  patient's  illness  sever- 
ity to  tailor  them  to  the  indiv  idual.' 


iiUended  to  provide  decision  support  at  the  point  of  ciu'e.-''  They         Clinical  Protocols 


do.  however,  provide  a  good  foundation  lor  further  decision- 
support-tool  development — eg,  patient-driven  protocols  and 
clinical  pathways. 

Evidence  suppiMting  the  use  of  guidelines  is  scarce.  This 
lack  of  evidence  has  sparked  concern  that  the  immense  invest- 
ment in  guidelines  ma\  be  ineffective  in  truly  improv  ing  the 
qualitv  ol  care  and  reducing  costs.'"  An  Office  of  rechiK)l- 
ogy  report  on  the  status  of  federal  programs  for  guideline  de\  el- 
opment'  concluded  "'...the  federal  effort  has  been  largcK 
unsuccessful  at  its  initial  charge:  evaluating  the  comparative 
effectiveness  of  alternative  treatments."  The  Office  of  Tech- 
nology Assessment  fouml  that  guidelines  often  overlap  and 
conflict.' '  This  is  tnic  both  vv  itliin  different  government  agen- 
cies as  well  as  in  the  private  sector.  The  .American  College 
of  Physicians  recently  conducted  a  survev  regarding  guide- 
lines.'"Ol  the  respondents.  70' r  believed  that  guidelines  would 
improve  the  qualitv  i>f  care;  however,  their  familiarity  with 
various  common  euidelines  rauiicd  from  1  K/  to  599^.  The 


Clinical  protocols  are  sometimes  leferred  to  as  therapist- 
driven  or  patient-driven  protocols.  These  protocols  tend  to 
be  more  specific  than  guidelines:  however,  they  do  not  pro- 
vide completely  unambiguous  instructions.  The  AARC  main- 
tains a  protocol  clearinghouse,  and.  as  of  September  15.  1995, 
at  least  8  institutions  had  submitted  protocols  for  managing 
patients  on  mechanical  ventilation.  Among  these,  protocols 
for  uncomplicated  weaning  ;ire  probablv'  the  largest  subset.-'*  "' 

Some  ev  idence  attests  that  such  prottx-ols  improv  e  the  qual- 
ity of  care  and  reduce  costs  in  other  areas  of  respiratory  care." 
Only  a  small  number  of  studies  on  the  efficacy  of  clinical 
protocols  for  mechanical  ventilation  have  been  completed. 
Wood  et  al'*'  demt)nsU~ated  that  weaning  protocols  were  slightly 
more  effective  than  their  historical  controls.  Despite  the  lack 
of  evidence  of  efficacv .  the  use  t)f  protocols  is  increasing 
throughout  the  respiratory  care  community.'- The  large  num- 
ber of  protocols  on  the  same  subjects  in  the  AARC  clear- 
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inizlioLisL"  indicate  that  liie  problems  ol  dLipliLalum  and  con- 
tradiction exist."'-''' 


\  ide  a  reason  lor  not  lollow  ini:  an  nisiiLiclion.  i'his  pii)\  ides 
feedback  thai  is  critical  lor  protocol  ret'ineiiieni. 


Specific  Executable  Protocols 

Specific  executable  protocols  contain  know  ledge-based 
inslrLiclions  that  are  complete,  clear,  and  concise — they  are 
not  ambiguous.  The  knowledge  can  be  re|irescnted  in  a  vari- 
ety of  different  ways.  The  knowledge  may  be  represented  as 
a  .set  of  rules  such  as  ""If  A  >  2  then  do  B."  or  it  may  be 
expres.sed  as  a  probability:  "If  A  >  2  then  the  probability  of 
B  is  0.6."  The  concept  of  specific  executable  protocols  is  not 
new — they  hu\e  been  available  for  some  medical  applica- 
tions for  more  than  20  years.  In  general,  specific  executable 
protocols  can  be  separated  into  twii  categories,  diagnostic 
and  therapeutic. 

Diagnostic  specific  executable  protocols  have  been  devel- 
oped for  the  inteipretation  of  blood-gas  data."''^  Hingston 
et  al"'  performed  an  interesting  study  illustrating  that  although 
61%  of  the  participants  at  medical  grand  rounds  believed  that 
they  knew  how  to  interpret  blood-gas  data,  and  7 1  ^'c  believ  ed 
that  an  expert  system  was  unnecessan .  w hen  tested  they  were 
able  to  answer  only  39%  of  the  questions  conectly.  These 
results  indicate  that  clinicians  are  not  capable  of  remembering 
everything  in  infinite  detail  and  that  bedside  decision  support 
may  be  a  important  asset.  Other  diagnostic  systems  include 
a  system  for  communitv  -acquired  pneumonia.'''  occupational 
lung  disea.se,^"  interstitial  lung  diseases.-"  and  breath  detec- 
tion from  flow  and  capnography  data.-*- 

Several  different  specific  executable  protocols  have  been 
developed  for  ventilator  management.-"  '"^  These  specific  exe- 
cutable protocols  can  be  divided  into  those  designed  for  inan- 
agement  of  the  mechanical  ventilator  in  generaH' '''  ''^  and  those 
that  are  designed  specifically  for  weaning.^- ''-' 

At  the  LDS  Hospital,  the  development  of  specific  exe- 
cutable protocols  for  management  of  mechanical  ventilation 
was  originally  stimulated  by  investigator  needs  during  a  recent 
ECCO2R  (extracorporeal  COt  removal)  clinical  trial. ^''  Our 
intent  was  to  dev elop  protocols  to  standardize  therapy.'  "  We 
developed  a  special  protocol  for  management  of  ventilation 
and  intrinsic  PEEP  during  pressure-controlled  inverse-ratio 
ventilation."  New  protocols  have  been  written  for  ventila- 
tion and  pH  control.'** 

The  protocols  were  developed  using  an  iterative  approach 
that  involved  the  clinical  environment  as  an  integral  part  of 
the  development  process.  The  protocols  were  computerized 
using  the  HELP  system  at  the  LDS  Hospital. '■*«' -'^7*'  As  shown 
in  Figure  2.  the  computer  displays  instructions  on  the  temiinal 
at  the  bedside.  A  member  of  the  clinical  care  team,  typicallv 
the  respiratory  therapist,  reads  the  instructions  and  makes  the 
indicated  ventilator-setting  adjustment.  This  is  not  a  closed- 
loop  system.  The  computer  never  makes  any  adjustments  in 
therapy  directly.  The  clinical  care  team  members  always  have 
the  option  to  refuse  an  instruction.  However,  they  must  pro- 
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Fig  2.  Diagram  illustrating  the  function  of  the  computerized  clinical 
protocols  for  mechanical  ventilation  developed  at  LDS  Hospital. 
Arterial  blood-gas  values  and  respiratory  care  data  flow  into  the 
computer  via  routine  computerized  charting  The  protocols  run  and 
produce  a  set  of  instructions  that  are  stored  in  the  patient's 
database.  These  instructions  include  mode,  tidal  volume  (Vj),  ven- 
tilator rate,  F|o_  and  positive  end-expiratory  pressure  (PEEP),  l:E. 
peak  flow,  weaning  steps  and  extubation,  and  the  timing  and  na- 
ture of  required  patient  assessments.  The  clinician  then  reviews 
the  instructions,  decides  to  accept  or  decline  the  instructions,  en- 
ters a  defense  for  declined  instructions  on  the  computer  at  the  pa- 
tienls  bedside,  and  adjusts  the  ventilator,  beginning  a  new  cycle. ^^ 


We  evaluated  the  ability  of  the  protocols  to  cimtrol  care 
during  around-the-clock  application  in  the  intensive  care  unit.'*' 
This  was  the  equivalent  of  a  Phase-2  clinical  trial.  The  study 
was  approved  by  the  LDS  Hospital  Research  and  Human 
Rights  Committee,  Patients  with  ARDS  (n  =  111)  were  enrolled 
in  the  study.  Outcomes  were  compared  to  those  of  three  his- 
torical controls:  patients  from  the  LDS  Hospital  prior  to  the 
use  of  protocols,  from  the  Massachusetts  General  Hospital 
(MGH)  between  1978  and  1988.'''  and  from  the  European  Col- 
laborative Study.''- 

Figure  3  summarizes  the  results  of  using  the  continuous 
positive-pressure  ventilation  oxygenation  protocol  in  111 
ARDS  patients.-''"'""'  Fewer  than  \',i  of  the  instructions  gen- 
erated were  disregarded  due  to  a  challenge  of  the  rnedical  logic. 
The  survival  in  this  group  was  higher  than  that  prev  iously  seen 
in  any  of  the  control  groups.  The  survival  of  the  subsets  of 
the  1  1 1  patients — those  who  met  or  did  not  meet  entry  cri- 
teria for  extracorporeal  rnembrane  oxygenation — was  also 
higher  than  those  published  previously.'''  We  conclude  that 
these  protcKols  can  be  used  effectively  iuid  safely  to  standardize 
the  management  of  mechanical  ventilation.  The  protocols  were 
associated  with  an  increase  in  survival  and  a  randomized,  con- 
trolled, prospective,  multicenter  clinical  trial  is  underway  to 
objectively  compare  this  protocol  with  physician-directed  care 
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( AHCPR  grant  HS06594).  This  study  seeks  to  answer  two 
questions:  ( 1 )  Can  a  decision  support  system  be  exported  to 
other  centers  and  used  hy  clinicians  who  have  not  been  in\  oKed 
in  its  development'.'  and  1 2 1  Dik^s  the  use  ol'  stich  a  s\'siem  aftect 
patient  outcome'.'  Patients  with  ARDS  (n  =  400)  will  be 
enrolled.  We  intend  to  evaluate  the  efficacy  of  this  system  using 
a  hierarchical  4-le\  el  approach;  sur\  ival.  length  of  ICL'  stay. 
morbidity,  and  the  incidence  and  severity  of  barotrauma.  V\'e 
will  determine  the  generali/ablity  of  the  computerized  deci- 
sion support  system  by  examining  the  percentage  of  time  in 
the  trial  during  which  protocols  controlled  patient  care,  the 
number  of  protocol  instructions  that  were  not  followed,  and 
the  number  of  objections  to  protocol  logic.  v\hich.  based  on 
medical  evidence,  forced  a  change  in  the  logic. 
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Fig.  3,  Survival  results  of  the  continuous  positive-pressure  ventila- 
tion oxygenation  protocol  use  in  1 1 1  ARDS  patients  in  the  shock- 
trauma  Intensive  care  unit  at  LDS  Hospital  1987-1992"  ■.  and 
1983-1985*-"  m.  Massachusetts  General  Hospital  1978-1988''' 
□  ,  and  the  European  Collaborative  Trial  □.''^ 


We  believe  that  these  computerized  protocols  can  be  used 
to  successfulh'  manage  mechanical  ventilation  in  critically 
ill  patients.  To  our  knowledge,  this  is  the  first  demonstration 
that  a  computerized  decision  support  system  can  be  used  effec- 
tively in  the  critical  care  environment.  We  en\  isitm  that  this 
system  could  be  used  in  several  different  settings:  ( I )  to  con- 
trol future  clinical  trials  as  part  of  the  ongoing,  nationwide 
effort  to  determine  theefficacs  of  existing  and  new  therapies; 
(2)  to  standardize  the  management  of  patients  on  mechani- 
cal ventilation — an  essential  part  of  the  continuous  quality 
improvement  process;  and  (3)  to  pro\  ide  decision  support  in 
the  management  of  mechanical  \entilation  lor  patients  with 
ARD.S  who  are  in  a  \anet\  of  settings  w  here  no  exjiert  m  man- 
agement of  patients  with  ARDS  is  available. 

Closed-Loop  Control 

Closed-loop  control  is  similar  to  a  specific  executable  pro- 
tocol except  that  the  computer  directly  adjusts  the  mechan- 
ical ventilator.  A  closed-loop  contrt)l  system  for  mechanical 
ventilatiiiii  was  first  introduced  in  IQ.'i.^  by  Frumin  et  al.'^  This 
svstem  used  electronic  control  systems  but  not  a  computer. 


This  sophisticated  sv  stem  included  oxygen  and  carbon  diox- 
ide analyzers  and  adjusted  the  Fio:  and  Vj  during  anesthe- 
sia. Several  other  analog  closed-loop  control  systems  were 
reported  between  \95}  and  1973."'  Coles  et  al'*  introduced 
the  first  computerized  closed-loop  controller  for  mechanical 
\entilation.  This  system  controlled  Fio,  and  tidal  volume  dur- 
ing anesthesia.  Several  other  systems  were  designed  w  ithin 
the  last  20  years  for  closed-loop  control  of  Wj  and  ventila- 
tory rate  based  on  expired  COi  monitoring.''^  "^ '"  Most  sys- 
tems were  designed  to  maintain  a  desired  end-tidal  CO:  value. 
Although  all  of  these  systems  worked  well,  they  have  not  been 
used  much  clinically  because  of  the  differences  between  end- 
lidal  CO:  ^md  P.,c o:  i"  patients  who  have  large  physie)logic 
dead  space. 

Some  closed-loop  controllers  htive  been  designed  for  man- 
aging oxygenation.  Most  of  these  systems  are  simple  systems 
designed  to  adjust  F|o,  to  produce  a  desired  PaO:  or  oxyhe- 
moglobin saturation  by  pulse  oximetry  (Spo,,."'''  Morozoff 
et  af  demonsirated  that,  in  net)nales.  computer  control  was 
able  to  maintain  a  desired  SpO:  with  more  accuracy  than  man- 
ual control.  My  colleagues  and  V^  designed  a  system  for  con- 
trol of  PEEP  based  upon  normalizing  FRC.  Strickland  and 
Hasson  developed  a  closed-loop  controller  for  wemiing  patients 
on  synchronized  intermittent  mandatory  ventilation  (SIMV) 
with  pressure  support  (PS)  in  posioperalise  ciudiac  patients.'^" 
Tliis  conu-oUer  decrea.sed  the  SIMV  rate  by  2  breaths/min  every 
.'i  minutes  until  a  rate  of  2  breaths/min  was  reached,  then 
decreased  pressure  support  by  4  cm  H:0  every  5  minutes  as 
long  as  the  patient  met  the  following  criteria:  respiratory  rate 
S-25  breaths/min.  V,.;  6-14  L/min.  and  Spo:  >  907f .  This  rule- 
based  controller  automatically  adjusted  a  Puritan  Bennett  72(X) 
\entilator  (Puritan  Bennett  Corp.  Overland  Park  KS).  This 
system  was  used  in  a  15-patient  prospective,  randomized  trial 
(9  had  computer  contixil.  and  6  had  manual  control).  The  results 
showed  that  the  computer-controlled  group  had  significantly 
lew er  bkxxl  gases  (mean  ±  SD.  1 .4  ±  0.7  vs  7.2  ± 4.3,  p  <  0.05), 
had  shorter  weaning  times  (mean  ±  SD,  18.7  ±  5.9  vs  25.6 
±  5.6  h.  p  <  0.05).  and  experienced  less  time  outside  accept- 
able \entilator-rate  and  V ,  bounds  (mean  ±  SD.  3.2  ±  2.8  vs 
6.6  ±4. 1  min.  p<0.()5).'' 

Despite  several  clever  and  sophisticated  systems,  none  of 
these  closed-loop  controllers  for  mechanical  ventilation  have 
had  a  major  impact  on  clinical  care.  There  are  two  primary 
reasons  for  this.  The  first  is  that  these  systems  are  relying  on 
input  data  from  sensors  (eg.  PaO:-  end-tidal  CO:,  transcuta- 
neous Po:.  Sao.)  that  are  too  unreliable  to  trust  in  a  closed- 
loop  system:  Second,  most  of  these  systeins  were  designed 
b>  engineers  in  the  laboratory,  and,  whereas  they  are  excel- 
lent engineering  exercises,  they  are  not  closely  linked  to  com- 
mon clinical  practice. 

Recently,  we  tried  to  address  this  problem  by  designing 
a  system,  based  on  well-established  protocols  for  manage- 
ment of  mechanical  ventilation.*""^'"  that  provides  contin- 
uous closed-loop  control  of  oxygenation'"  using  a  Hamilton 


332 


RESPiR.ATORY  Care  •  April  "96  Vol  41  No  4 


Decision  Support  Systems 


Amadeus  Nentilator  (Hamilton  Medical  Inc.  Reno  NV)  con- 
trolled by  an  Apple  Macintosh  SE-30  computer  (Apple  Conv 
puter  Inc.  Cupertino  CA).  A  Shiley  Continucath  (Shiley  Inc. 
Irvine  CA)  intra-arterial  electrode  was  used  to  provide  con- 
tinuous measurement  ol  PaOj-  Arteiial  oxygen  saturation  (Sao.) 
was  calculated  from  the  P^o,.  pH.  P,co;-  iind  temperature  using 
standard  equations.  The  magnitude  and  direction  of  a  ther- 
apy change  were  determined  by  the  P^o:  eiror  (difference 
between  measured  and  desired  PaO:)-  The  o\'eraII  gain  of  the 
controller  was  a  function  of  the  SaO:-  This  control  strategy  pro- 
vided an  aggressive  response  to  hypoxemia  and  a  more  con- 
servative response  to  hyperoxia.  The  content  of  the  therapy 
change  was  determined  from  a  fifth  dimensional  quality  sur- 
face that  described  the  tradeoff  betv\  een  PEEP  iuid  Fk),  changes 
for  a  specific  combination  of  cunent  PEEP.  F|0;.  and  PaO,  val- 
ues. The  quality  surface  was  generated  from  clinically  proven 
protocols.  The  controller  was  tested  in  an  animal  model  of 
ARDS  and  was  .shown  to  be  safe  and  effective. '''  A  pilot  clin- 
ical trial  of  this  controller  has  been  done  at  the  LDS  Hospi- 
tal.'"' Figure  4  illustrates  typical  controller  performance.  The 
biggest  problem  has  been  the  accuracy  and  dependability  of 
the  PaO:  sensor.  Until  reliable  sensors  are  available,  closed- 
loop  control  u  ill  not  become  a  routine  clinical  tool. 
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Fig.  4.  Typical  performance  of  the  closed-loop  oxygenation  con- 
troller at  the  LDS  Hospital  in  one  ARDS  patient  as  part  of  a  small 
pilot  study. ^"^ 


Ethics  of  Decision  Support 

A  systematic  overview  of  ethical  implications  o{'  a  new  ther- 
apy requires  consideration  of  four  basic  principles  in  biomed- 
ical ethics:  nonmaleficence  (do  no  harm),  beneficence  (do 
good),  autonomy  (respect  patient  self-duection).  and  disuibutive 
ju.stice  (be  fair).'''™  When  the  decision  to  treat  a  patient  is  made, 
and  the  only  choice  remaining  relates  to  the  technique  or  pro- 
cess of  delivering  the  treatment,  issues  usually  considered  under 
the  purview  of  the  principles  of  autonomy  and  distributive 
justice  become  less  important.  The  importance  of  the  prin- 
ciples of  nonmaleficence  and  of  beneficence  remain  undi- 
minished. While  nonmaleticence  is  frequently  the  overrid- 
ing principle,  the  commitment  of  health-care  professionals 
to  provide  benefit  to  patients  Is  virtually  universal."  Striking 


a  reasonable  balance  between  the  principles  of  nonmaleficence 
and  beneficence  is  a  frequent  challenge  in  serving  the  patient's 
best  interest.™  In  effect,  a  risk-benetlt  assessment  must  be  made 
and  is  best  made  w  ith  sound  data  on  which  to  base  probability 
estimates  of  outcome  for  the  treatment  options  under  con- 
sideration. For  patients  with  life-threatening  hypoxemic  res- 
piratoi7  failure — ARDS,  the  outcome  of  interest  is  patient  sur- 
vival.'"'  Unfortunately,  credible  outcome  data  are  generally 
unavailable  for  many  medical  problems,  including  ARDS.*^' 
Only  about  \5'/c  of  medical  interventions  are  supported  with 
any  scientific  data,**-  and  only  0.7%  of  interventions  were 
reported  to  be  supported  by  at  least  moderately  strong  scientific 
evidence.  Care  must  be  exercised  when  choosing  treatments 
that  have  not  pixxluced  credible  scientific  outcome  data  because 
potent  modem  interventions  can  induce  hanii  as  well  as  good. 
Mechanical  ventilation  for  life-support  of  ARDS  patients  has 
both  the  potential  for  benefit'*''^''  and  the  potential  for  harm. 

The  principle  of  autonomy  requires  patient  participation 
and  the  acquisition  of  infomied  consent  for  application  of  new 
or  nonstandard  treatments."  '**  Two  opposing  arguments  can 
be  mounted  regarding  the  need  for  informed  consent  for  the 
use  of  decision  suppoil  systems  with  mechanical  ventilation. 
First,  the.se  systems  may  be  viewed  as  new  and  innovative, 
nonstandard  therapies  with  undefined  risks  and  benefits. 
Informed  consent  would  then  be  mandatory.  Second,  deci- 
sion support  may  be  viewed  as  a  tool  that  merely  formalizes 
and  standardizes  common  practice.  The  forethought  and  con- 
sensus required  for  protocol  generation'*^^''  leads  to  a  more 
precise  and  detailed  articulation  of  the  explicit  and  implicit 
rules  applied  in  standard  clinical  practice  (albeit  with  vari- 
ability).*' Decisions  under  protocol  control  would,  therefore, 
be  made  with  more  forethought  and  planning  than  would  deci- 
sions made  individually  by  an  independent  practitioner.^'  Cer- 
tain iterative  therapies,  such  as  mechanical  ventilation,  can 
be  considered  tasks  within  a  single  knowledge  domain,  and, 
thus,  are  amenable  to  decision  support.  Using  this  argument, 
informed  consent  would  not  be  required  because  decision  sup- 
poil is  viewed  as  an  extension  of  the  common  practice  of  gen- 
erating guidelines.'*'  critical  paths,  and  standing  orders,  all  of 
which  are  efforts  to  standardize  care.  At  our  institution,  the 
Institutional  Review  Board  has  accepted  the  latter  argument, 
and  we  do  not  require  that  informed  consent  be  obtained  for 
the  use  of  decision  support  with  mechanical  ventilation. 

The  principle  of  distributive  Justice  raises  no  obstacles  to 
the  use  of  decision  support  as  long  as  it  is  applied  to  all  appro- 
priate patients  without  prejudice. 

The  principles  of  nonmaleficence  and  beneficence  are  the 
source  of  the  major  controversy  that  suiTounds  protocol-driven 
care.  This  controversy  is  frequently  couched  in  questions  such 
as  "How  can  you  be  sure  the  protocol  incorporates  the  best 
clinical  care?"  or  "Physicians  must  be  free  to  choose  the  best 
therapy  for  each  individual  patient."  The  use  of  decision  sup- 
port systems  challenge  the  traditional  authority  of  medical 
experts.  Thus,  protocol  control  might  be  viewed  as  a  threat 


Respiratory  Care  •  April  "96  Vol  41  No  4 


33.^ 


Decision  Si'i-port  Systems 


rallicr  ihun  a  coiiipleinciit  lo  ihe  clinical  slaliis  quo  because 
of  the  common  belief  that  medical  experts  are  able  to  max- 
imize patient  benefit  by  individualizing  decisions. 

Decision  su|ipoit  lor  mechanical  \entilation  of  ARDS 
patients  actually  generates  decisions  that  are  no  less  indi- 
vidualized than  decisions  in  many  other  clinical  care  domains. 
Control  ol  clinician  response  through  use  of  bedside  decision 
support  tools  is  not  cookbook  medicine.  Cookbook  medicine 
IS  patient  invariant  medicine  with  diagnostic  or  therapeutic 
interventions  fixed  and  unresponsive  lo  the  needs  ot  the  indi- 
vidual patient.  Many  examples  of  cookbook  medicine  exist 
in  standard  medical  practice.  The  use  of  a  fixed  antibiotic  treat- 
ment regimen  loi'  /i-streptococcal  pharyngitis  and  the  use  ol 
standard  preoperative  orders  for  postoperative  treatment  are 
examples  of  cookbook  medicine  and  ;ue  widely  practiced  and 
accepted  by  the  medical  profession.  Standardization  of  clin- 
ician resixmse  through  u.se  of  decision  support  only  standardizes 
the  response  to  the  patient's  expression  of  the  disease.  It  does 
not  standardize  treatment  because  the  patient's  treatment  (clin- 
ical care)  depends  upon  both  the  clinician's  response  and  the 
patient's  expression  of  the  disease.  The  patient's  expression 
of  the  disease  is  patient  specific.  There  is  great  variety  in  the 
way  diseases  are  expressed  in  different  patients.  Therefore, 
there  is  great  variety  in  the  treatment  received  by  different 
patients  whose  care  is  guided  by  decision  support,  even  though 
clinician  response  is  standardized  by  the  use  of  decision  sup- 
port. This  distinction  between  standardization  of  clinician 
response  and  standardization  of  treatment  appears  to  be  unrec- 
ognized by  some  health  care  professionals. 

Beneficence  can  iinoKe  both  the  conferring  of  benefit  on 
the  patient  and  the  intent  to  confer  benefit  without  such  achieve- 
ment. The  Inlenlion  to  do  good  is  sometimes  persuasive  in 
itself.'"  For  the  critically  ill  patient  with  ARDS  in  the  inten- 
sive care  unit,  lor  whom  the  decision  to  provide  mechanical 
veniilaiion  has  already  been  made,  the  overriding  outcome 
variable  is  patient  sun  i\al.  Intentions  to  do  gixxi  or  to  be  benev- 
olent pale  in  importance  vv  ith  actit)ns  that  achieve  increases 
in  surv  IV  al.  Outcome  data  that  can  lead  to  credible  estimates 
of  surv  IV  al  for  different  treatment  options  become  crucial  to 
clinical  decision  making,  whether  protocol  contrt)lled  or  not. 
Linfortunalelv .  necessary  data  are  unav  ailable  and  many  com- 
plex clinical  decisions  must  be  based  on  the  clinician's  inten- 
tion to  do  good.  The  intention  to  do  good  is  olten  insulli- 
cient, '**'''-  but  it  is  always  laudable." 

Many  ARDS  clinical-trial-design  Haws  and  many  clini- 
cal objections  to  performing  clinical  trials  for  patients  with 
ARDS  or  other  life-threatening  conditions  are  based  on  eth 
ical  concerns  originating  in  the  expert  or  authoritarian  para- 
digm, which  has  been  the  foundation  of  the  traditional  patient- 
physician  relationship.  The  physician  is  the  expert  and  pos- 
sesses the  requisite  training,  knowledge,  and  experience  lo 
provide  the  advice  necessary  to  guide  the  patient  towards  a 
favorable  outcome.  In  this  process,  the  patient's  he.si  inter- 
est is  served  bv  provision  of  the  best  availdhic  therapy!''  The 


physician's  belief  in  the  superiority  of  a  therapeutic  choice 
has  been  cited  as  fundamental  to  both  ethical  decision  mak- 
ing'" and  the  fiduciary  nature  of  the  physician-patient 
encounter.''''^'  The  absence  of  such  a  belief  in  the  face  of  ther- 
apeutic options  constitutes  the  state  of  equipoise — indiffer- 
ence— within  an  individual  physician  (individual  equipoise) 
or  within  the  medical  community  (clinical  equipoise ).''*''■•  As 
long  as  equipoise  is  present,  randomized  clinical  trials  com- 
paring therapeutic  possibilities  seem  justified.  A  number  of 
concerns  can  be  raised  in  response  lo  this  traditional  view, 
hirst,  the  implicit  assumption  that  a  physician's  belief  is  a  reli- 
able reflection  of  the  best  available  information  is  violated 
bv  our  know  ledge  of  general  human  limitations  regarding  infor- 


mation processing. 
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physician  belief  to  a  level  of  undeserved  authority.  The  physi- 
cians  belief  in  the  superiority  of  complex  therapies  may.  in 
fact,  undermine  the  fiduciary  relationship  that  should  exist 
between  physician  and  patient^"""  by  exposing  the  patient  to 
a  less-than-optimal  therapy. 

Second,  the  belief  of  the  adherents  of  a  particular  policy, 
in  itself,  provides  no  justification  for  the  policy.  The  belief 
is  nothing  more  than  opinion.  The  policy  can  only  rationally 
be  justified  by  data  or  arguments  in  evidence.  Belief  can  be 
based  on  credible  outcome  data  or  on  unfounded  conjecture, 
or  it  may  be  based  on  considerations  that  fall  on  the  contin- 
uum between  credible  outcome  data  and  unfounded  conjecture. 
Belief  insufficiently  grounded  in  credible  outcome  data,  even 
when  based  on  extensive  personal  and  medical  community 
ex|-)erience.  can  mislead  well-intended  clinicians  to  make  deci- 
sions that  fail  to  benefit  and  ev  en  risk  harm  to  their  patients. 
The  results  of  the  Vineberg  procedure'"  for  angina  pectoris, 
with  its  75%  positive  placebo  effect,  and  of  the  Cardiac 
Anhythmia  Suppression  Trial  (CAST)'"  w ith  its  unexpect- 
edly high  mortality  associated  with  effective  suppression  of 
premature  ventricular  beats  following  myocardial  infarction 
are  graphic  examples  of  this  danger.  Other  important  exam- 
ples me  easily  found  and  include  O:  therapy  for  neonatal  res- 
piratory distress,'"'  gastric  freezing  for  upper  gastrointestinal 
hemorrhage,  laetrile  for  cancer,  rapid  I.V.  intusion  of  5-FU 
for  colorectal  cancer,  intra-arterial  infusion  of  chemolhera- 
peutic  agents  for  colorectal  liver  metastases,  hydrocortisone 
after  myocardial  infarction,  splenectomy  for  Gaucher's  dis- 
ease, and  frontal  lobotomy  for  the  treatment  of  psychoses.  It 
is  of  interest,  therefore,  to  find  that  belief  alone  has  been  used 
to  justify  some  of  the  most  consequential  and  onerous  deci- 
sions in  critical  care  medicine.'""'"'  In  the  interest  of  fairness, 
we  acknow leiige  that  some  writers  demand  that  physician  opin- 
ion be  based  on  reliable  actuarial  data.'^""'' ""'  but  this  does  not 
appear  to  be  a  universal  expectation.  That  belief  itself  is  nei- 
ther sufficient  nor  even  always  necessary  for  the  effectuation 
of  correct  therapy  can  be  rapidly  appreciated.  The  steadlast 
belief  of  the  adherents  of  laeuile  therapy  did  not  make  the  ther- 
apy con-ect.  nor  could  it  justify  the  conduct  of  a  clinical  trial.'" 
Just  as  the  indiv  idual  practitioner  cannot  inv  oke  idiosyncratic 
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good  intentions  as  a  defense,  so  also  should  this  avenue  of 
defense  be  forbidden  to  the  expert  committee  that  may  be 
charged  with  defining  a  standard  of  care  for  the  medical  com- 
munity. Pcx)r]y  supported  i)pinion.  no  matter  how  well  intended. 
does  not  become  more  \  alid  when  offered  by  a  dozen  experts 
rather  than  by  one  practitioner. 

The  common  clinical  concerns  raised  about  decision-sup- 
ported care  are,  at  least  in  part,  reflections  of  the  strength  of 
the  authoritarian  paradigm  and  of  the  beliefs  of  the  clinicians 
that  practice  within  this  p;uadigm.  Open  discussion  of  the  lim- 
itations of  such  beliefs  when  bereft  of  supporting  scientific 
data  has  been  an  effective  means  of  overcoming  these  clin- 
ical concerns. 

Legal  Issues  of  Decision  Support 

Decision  support  systems  can  be  a  legal  shield  as  well  as 
a  legal  sword.  Practicing  under  an  accepted  community  stan- 
dard as  prescribed  can  provide  a  shield  against  litigation.  If 
there  is  a  standard,  but  it  is  not  followed,  and  if  there  is  no 
documentation  as  to  the  who  and  why  of  the  departure,  the 
standard  becomes  a  sword  that  can  be  effectively  wielded  in 
a  court  of  law .  To  minimize  the  risk  and  maximize  the  legal 
benefit,  we  propose  the  following: 


nel.  Our  experience  indicates  that  decision  support  does  not 
result  in  reduced  staffing  requirements;  however,  it  does  enable 
existing  staff  to  better  care  for  sicker  patients. 


~1      Low 


Medium 


■S    o    O    Q    o    3 


■      High                               -g    :|-    o     o    ^    <    z' 
Decision  Support  Tool           55   O  o   o  5   oc  ii 

Education  and  Training                               III 

Reference  Matenals                                    |         |    t^  | 

Conceptual  Framework                               |         |  |  | 

Cookbook                                        is    8.    "    is    "    1   I' 

Guideline                                        ||  ||         m         m 

Carepath                                       II         1        | 

Clinical  Protocols                            II         1 

Specific  Executable  Protocols        1  1  U  1  U  U  L 

Fig.  5:  A  summary  and  ranking  of  ttie  different  decision-support 
tools  witfi  regard  to  standardization,  quality  of  care,  cost  of  care, 
cost  of  development,  physician  autonomy,  respiratory  care  practi- 
tioner autonomy,  and  legal  liability. 


1 .  Facilitate  institutional  and  departmental  approval  of  deci- 
sion-support systems  as  a  standard  of  care. 

2.  Carefully  train  staff  and  monitor  the  use  of  the  system. 

3.  If  decision-support  systems  lue  not  used,  document  the  who 
and  why  of  the  decision  in  the  patient's  medical  record. 

4.  Provide  a  method  for  continuing  updates  as  the  system 
evolves. 

In  Suniniarv 


The  respiratory  care  profession  must  avoid  producing  dupli- 
cate and  conflicting  decision-support  tools  and  adopt  stan- 
dards that  allow  these  tools  to  be  applied  effectively  through- 
out the  community.  Decision-support  tools  and  the  stan- 
dardization of  ventilator  management  as  part  of  an  ongoing 
continuous  quality  improvement  process  have  the  potential 
for  a  larger  impact  than  most  of  the  innovations  in  mechan- 
ical ventilation  during  the  last  20  years. 


Decision  support  for  clinicians  who  care  for  patients  on 
mechanical  ventilation  and  its  effect  on  reducing  inappropriate 
therapy  and  v ariation  in  practice  may  have  a  profound  itnpact 
on  the  quality  and  cost  of  care.  Each  of  the  tools  for  decision 
support  have  strengths  and  weaknesses.  Figure  5  summarizes 
these  tixils.  In  general,  as  the  level  of  standardization  increases, 
the  quality  of  care  increases,  the  cost  of  care  decreases  and 
the  legal  liability  decreases.  Standardization  does  intrude  on 
caregiver  autonomy;  however,  it  is  unclear  whether  this  has 
a  positive  or  negative  effect. 

Decision  support  in  written  or  computerized  form  is  not 
intended  to  replace  the  clinician  any  more  than  the  comput- 
ers in  the  F- 16  fighter  replace  the  pilot.  The  computers  are 
used  to  make  the  pilot  more  efficient,  and  they  can  do  the  same 
for  respiratory  care  practitioners.  The  primary  focus  for  such 
systems  should  be  to  improve  the  quality  of  care.  Cost  reduc- 
tions naturally  follow  improved  quality  because  ineffective 
therapies  are  eliminated  and  length  of  stay  is  shortened.  The 
financial  benefit  of  these  systems  is  not  in  reducing  person- 
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East  Discussion 

There  is  incalctilahle  harm  done  by 
everyotie  tloitig  his  best. 

— W  r.dwards  Demming 

Sliitsky:  Tom.  that  was  a  very  inter- 
esting presentation.  I  have  a  question 
about  your  trial.  You're  doing  a  trial 
comparing  your  computerized  system 
versus  standard  practice,  essentially,  hut 
your  computerized  system  is  hasicalK 
a  low-stretch  hypercapnic  strategy:  so. 
which  are  you  really  comparing'  Are 
you  compaiing  hypercapnic  versus  noii- 
hypercapnic?  Are  you  comparing  lov\  - 
stretch  versus  high-stretch'.'  Or  is  it  the 
protocol  per  se  that  you're  testing'.' 

Kast:  The  tssue  is  icall\  totigh.  We 
grappled  a  lot  v\  ilh  this.  A  trial  to  com- 
pare protocol  versus  nonprotocol  for  the 
same  therapeutic  goals  ami  lueiiical 
philosophies  is  tough  to  ptii  together. 
You  basically  end  up  ha\  ing  to  control 
both  groups. 

Sliitsky:  It' you  put  your  protocolized 
system  into  a  hospital  w  here  the  prac- 
titioners in  that  ICU  led  strongly  about 
low-stretch.  1  think  that  wotikl  be  at  least 
reasonable.  It  you  jitit  it  into  a  hospital 
where  that's  not  the  case,  then  vnu're 
reall\  coinparing  apples  and  oranges. 

East:  in  this  trial  il  is  all  rolletl  into  one. 
It's  sort  of  an  ct'tectiveness  study.  The 
intervention  is  the  protocols.  The  pro- 
tocols by  their  nature  embody  the  med- 
ical knowleilge.  The  particular  set  of 
meilical  know  ledge  we've  chosen  to  put 
in  was  one  we  found  to  be  reasonable. 
Now .  there  ;u'e  others,  and  \ ou  can  argue 
that  even  if  you  finish  this  trial  and  il 
looks  like  things  are  good,  maybe  there's 
a  better  one.  Well,  there  probably  is  a 


better  one.  This  trial  really  isn't  designed 
to  tease  out  what  aspect  of  the  trial  is 
causing  the  improvement  or  worsening 
or  whatever.  When  we're  done,  we're 
not  going  to  be  able  to  say  that  the  results 
are  due  to  making  adjustments  at  leg- 
ular  interv  als.  All  we're  going  to  be  able 
to  say  is  that,  as  a  whole,  w  ith  the  med- 
ical knowledge  imbeilded  in  this  thing. 
yoLi  get  this  result.  You're  absolutely 
right.  It's  one  of  the  iliftlculties  of  doing 
these  trials.  One  of  the  issues  that  the 
statisticians  have  brought  up  to  us  is. 
What  about  cross-over'.'  For  instance,  as 
vou  point  out.  if  you  introduce  this  in 
an  environment  in  which  they're  accus- 
tomed to  using  larger  tidal  volumes  and 
normal  pHs.  are  they  going  to  cross 
over'.'  Are  people  going  to  leani  and  st;u1 
to  use  the  treatment  philosophies  in  the 
protocols,  and  will  sinir  two  groups 
merge''  Our  experience  has  been  that 
that's  not  the  case.  We  collected  base- 
line data  for  a  year  at  iw  ii  iiistitittioiis. 
so  that  we  knew  their  baseline  practice 
|iatterns.  We're  tracking  them  over  time 
in  the  control  group  to  look  for  cross- 
over contamination  between  them. 

Sliitskv:  That  sounds  like  you're  aim- 
ing at  low-stretch,  high-stretch,  as  op- 
posed to  protocol  versus  nonprotocol. 

East:  Yeah. 

Barnes:  From  your  ex|icrience.  what  ilo 
vou  recommeml  for  the  respiratory  care 
profession'.'  There's  been  a  tremendous 
invesitiient  in  practice  guidelines.  Is  it 
time  to  switch  and  move  those  guide- 
lines to  protocols'  .An  alternative  would 
be  to  make  a  bigger  effort  to  determine 
wiielher  the  guidelines  actualh  make 
a  tlillerence. 

East:  Roth  are  valid  approaches.  If  you 


put  vour  guidelines  out  there  and  try  to 
measure  ho\\  people  use  them  and  how 
well  they  use  them  aiid  what  their  impact 
is.  I  think  that  would  be  a  good  thing  to 
do.  My  own  personal  belief  is  that  if  y  ou 
take  the  guidelines  you  currently  have 
and  build  on  them — to  put  something 
easy  to  use  into  the  hands  of  clinicians 
at  the  bedside — you're  going  to  have  far 
bigger  impact.  But  that's  my  bias.  Our 
therapists  like  this  kind  of  system.  They 
go  about  their  normal  job,  it  gives  them 
advice,  the  physicians  write  a  standing 
order.  "Treat  the  patient  by  protocol." 
The  therapists  don't  have  to  track  down 
physicians  every  tiine  they  need  to 
change  something  on  the  "vent.'  I  real- 
ize that  iTiay  be  very  different  in  different 
institutions.  Wliat  the  policies  are — some 
institutions  give  big  leeway  to  the  ther- 
apist in  terms  of  adjusting  PEEP  and 
Fjo-  Others  do  not.  But  it's  been  well 
received  by  the  therapists.  I  think.  They 
have  felt  that  it's  relatively  easy  to  use. 
The  best  success  has  been  in  groups  that 
already  use  computers  for  ch;irting.  The 
hurdle  of  learning  to  use  computers  has 
already  been  overcome.  Protocols,  then, 
are  just  a  small  additional  thing.  Tliere's 
no  extra  learning  and  no  change,  really, 
in  the  way  the>'  practice. 

Haas:  In  assessing  the  protocols,  have 
you  determined  w  hether  practitioners 
have  canied  out  ina|-)|iropriate  orders — 
bad  data  entered  into  the  system  result- 
ing in  ;ui  inappropriate  order's  being  c;u'- 
ried  out' 

East:  Yes,  we  have  looked  at  the  num- 
ber of  incorrect  instructions  that  were 
based  on  bad  data  or  a  typo  or  whatever, 
and  the  number  that  were  followed  or 
not.  and  what  the  consequences  were. 
What  we  found  was  that  over  959c  of 
those  errors  were  picked  up  by  the  ther- 
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apist.  Because  if  you  tyf)e  in  a  Pc>  of  400 
when  it's  40.  and  it  tells  you  to  turn 
down  the  Fio,  and/or  PEEP,  most  ther- 
apists aren't  going  to  do  it.  They  say. 
"Oh.  yeah.  That  doesn't  make  any 
sense."  And  they  reject  it.  The  ones  we 
found  that  "snuck"  through  were  the 
innocuous  ones,  like  you're  in  a  wait- 
ing period,  and  the  instruction  says 
"Keep  waiting."  when  it  should  have 
said  "Reduce  therapy."  We  found  no 
adverse  consequence  to  patients.  But. 
clearly,  the  potential's  there.  Our 
assumption  always  is  that  these  are  in 
the  hands  of  therapists  w  ho  are  going 
to  pay  attention  to  what  they're  doing. 
It's  not  a  closed-loop  system.  That's 
exactly  why  we  have  it  set  up  that  way. 

Haas:  I'm  glad  to  hear  that  because  one 
of  the  things  that  1  hear  often  is  that  peo- 
ple don't  like  protocols  because  they  are 
going  to  take  away  the  assessment  abil- 
ity or  skills  of  the  practitioner.  As  you 
point  out.  the  software  tells  you  what  to 
do.  but  you  still  have  to  do  an  assess- 
ment to  make  sure  that  you  were  given 
aconect  instruction. 

East:  You  have  to  do  the  assessments. 
We've  made  the  respiratoi7  care  group 
one  of  our  primary  participants  in  the 
evolution  of  these  protocols  because 
they're  the  ones  on  the  front  line.  They 
can  give  us  the  most  information  about 
what's  working  and  what  isn't  working. 
I  think  they've  appreciated  being 
involved  in  part  of  that  process. 

Slutsky:  Tom.  do  you  think  in  the  long- 
term,  if  this  is  introduced  over  a  long 
period  of  time,  that  maybe  respiratory 
therapists  and  others  might  lose  their 
edge.  You  say  they  now  pick  up 
things — "Gee.  that  doesn't  make 
sense." — In  part  that  doesn't  make  sense 
because  of  the  long  experience  of  mak- 
ing many  decisions.  Is  there  the  danger 
of  therapists  becoming  just  cogs  in  the 
system  and  not  think  as  much  about 
what  they  are  doing'.'  Have  you  seen  that 
happen  at  your  institution? 

East:  No.  We  haven't,  but  it  is  a  fear 


and  a  concern.  If  you  look  at  some  other 
analogies,  for  instance,  auto-pilots  in 
aircraft  and  things  like  that.  I  don't 
believe  they've  seen  a  big  deterioration 
in  pilot  performance,  but  I  know  in  anes- 
thesia they  have  problems  with  ... 
what's  the  right  word — alertness. 

Slutsky:  Vigilance. 

East:  And  there's  some  concern  that  if 
you  have  infrequent  events — if  it's  only 
wrong  once  every  3  days — that  maybe 
people  won't  be  alert  to  respond  to  it. 
I  don't  really  know.  In  terms  of  its 
impact  on  teaching,  that's  another  issue 
that's  come  up.  What  do  you  do  with 
residents  and  fellows?  In  our  institution, 
we  haven't  found  it  to  be  a  big  problem. 
Most  of  the  residents  and  fellows  come 
in  determined  to  prove  that  the  com- 
puter's wrong,  and  they  spend  a  great 
deal  of  time  doing  literature  searches. 
We  invite  that.  We  say  "Hey,  great.  If 
you  have  information  that  will  help  us 
refine  these,  that's  fantastic." 

Slutsky:  That  is  more  likely  to  occur  at 
your  institution  because  change  in  the 
algorithm  can  actually  occur  because 
you  guys  are  on  site  and  you're  excited 
about  it.  When  the  protocol  is  out  into 
1 .000  other  hospitals,  that  may  not  be 
the  case. 

East:  That's  right.  In  our  trial,  it  still  is 
because  we  take  the  feedback  from  all 
the  people  at  tlie  different  sites  and  incor- 
porate it  if  it's  important.  A  couple  of 
examples  of  things  we've  had  to  refine 
are  some  of  our  definitions,  like  "super- 
satisfactory"  oxygenation  at  sea  level 
(Pao:  >  1 10).  We  had  it  defined  at  5.000 
feet  (PaO:  >  90).  So,  we  have  changed 
a  few  things. 

Giordano:  What  approach  do  you  sug- 
gest to  convince  the  physicians.  I  mean, 
there's  an  enormous  amount  of  physi- 
cian resistance  to  protocols  because  they 
fear  loss  of  control  over  their  orders. 
That's  the  underpinning  of  what  stops 
the  protocol  movement.  What's  your 
recommendation  there? 


East:  We  have  found  that  physicians 
in  general  are  pretty  receptive  if  we  go 
to  them  with  data  that  support  that  this 
is  going  to  do  a  reasonable  job  of  tak- 
ing care  of  their  patients.  It's  a  lot  harder 
sell  if  there  lU'e  no  data  to  support  effec- 
tiveness. With  data,  they're  more  likely 
to  say  it's  fine.  I  was  really  glad  that  we 
didn't  install  Pittsburgh  2  or  3  years  ago 
because  they  have  a  lot  of  capable  peo- 
ple, who  all  have  their  own  opinions. 
It  would  have  been  a  lot  harder.  Now. 
it  has  gone  relatively  smoothly.  People 
are  okay  about  it  and  have  been  will- 
ing to  give  it  the  benefit  of  the  doubt. 
Now  that  doesn't  mean  the  first  time  it 
does  something  "screwy'  they  won't 
'jump  down  our  throat.'  But.  in  general, 
it's  worked  out  okay.  Clearly,  that's  one 
of  the  battles.  One  of  the  things  we've 
done  is  to  do  some  hand  holding  with 
physicians,  and  we  provide  800-num- 
ber  call  support  24  h/day.  If  they  have 
questions  or  problems  they  can  call  us 
and  talk  about  tiiem.  If  they  don't  want 
to  do  it,  they  don't  have  to.  They  can 
say  they  don't  agree  with  the  protocol 
and  not  follow  it. 

Giordano:  Do  you  advise  those  who 
want  to  institute  protocols  to  develop  a 
pilot  project  and  then  use  the  results  of 
that  effort,  then,  to  sell  the  concept? 

East:  Right.  I  think  that  would  be  a  good 
way  to  approach  it.  but  I  think  you're 
going  to  need  (if  you're  developing  pro- 
tocols in-house  and  are  not  bringing 
them  in  from  somewhere  else)  some 
physician  advocates  who  think  it's  a 
good  idea  to  start  with.  Otherwise,  you 
may  never  even  get  the  pilot  data.  But 
if  you  can  get  a  physician  advocate  to 
talk  to  his  colleagues  and  say,  "Hey,  give 
us  a  chance.  Let  us  do  20  patients  and 
see  what  happens." 

Kacniarek:  I  think  the  other  thing  that 
will  change  tliose  attitudes  is  the  change 
in  health-care  financing.  More  insti- 
tutions and  practitioners  will  tolerate 
well-designed  decision-making  systems 
if  they  are  proven  to  be  cost  saving. 
We're  lookina  at  a  30%  reduction  in 
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our  residency  programs  over  the  next 
few  years.  That  kind  of  reduction  is 
going  to  have  an  impact  on  the  physi- 
cian's ability  to  do  the  day-to-day  man- 
agement at  all  levels.  To  be  able  to 
unload  this  kind  of  decision  making  to 
other  practitioners  via  well-accepted 
protocols  is  going  to  become  increas- 
ingly more  acceptable. 

Peruzzi:  Three  things  that  play  into  this 
come  to  my  mind  immediately,  as  far 
as  physician  cooperation  goes.  First.  I 
think  that  people  are  more  likely  to  be 
supportive  if  they  feel  that  they  have 
some  input  into  the  protocols  and  that 
there  can  be  modifications  for  individual 
institutions.  Second.  1  think  that  people 
will  feel  more  comfortable  if  there  are 
bypass  options,  if  there  are  clinical  cir- 
cumstances in  the  standard  protocol 
about  which  they  don't  feel  comfortable, 
they  can  step  out  of  the  protocol  and 
effect  whate\er  changes  they  feel  are 
appropriate  in  that  circumstance.  Third. 
1  think  that  the  degree  of  objection  is 
going  to  be  directly  proportional  to  the 
amount  of  time  people  have  to  object. 
As  finances  change  and  primary  care 
becomes  the  focus,  as  anesthesia  house 
stitff  and  surgei7  house  statf  are  reduced, 
fewer  and  fewer  people  are  going  to  be 
interested  in  objecting,  being  called,  and 
having  that  control  because  their  time 


is  going  to  be  constrained  doing  other 
things.  They're  going  to  be  more  sup- 
ptirtive  of  something  that  mns  on  its  own 
with  only  periodic  alerts  when  things 
go  awry. 

East:  One  thing  that  we  have  seen  when 
we  go  in  to  a  new  institution  is  that  it's 
not  uncommon  for  the  physicians  to 
write  an  order,  "Well,  follow  the  pro- 
tocol, but  if  the  PEEP  goes  above  15, 
call  me.  or  if  it  changes  by  more  than 
X  amount,  call  me."  Then  as  time  goes 
on  they  relax  that  somewhat.  I  think  it's 
up  to  individual  physicians,  too — their 
own  personal  bias.  The  other  thing  that 
we  have  found  that  kind  of  eases  the  pain 
a  bit  is  that  we've  taken  clinicians  who 
have  actually  used  them  to  the  new 
facilities  for  clinician-to-clinician  dis- 
cussion. Terry  Clemmer.  our  ICU  direc- 
tor, has  done  some  of  this.  Because  the 
feeling  is  that  they  will  get  a  straight 
answer  from  other  clinicians  as  opposed 
to  the  folks  who  are  pushing  it  for  the 
research  project.  They  can  discuss  the 
pros  and  cons  and  the  problems  that 
come  up.  The  biggest  supporters  in  our 
institution,  at  least  from  a  physician- 
group  perspective,  are  the  private  prac- 
tice pulmonary  docs.  They  love  it.  They 
say  they  can  manage  more  patients  in 
less  time  than  they  ever  could  before. 
In  fact,  we  tried  to  turn  the  protocols  off 


after  the  ECCO2R  trial  ended,  and  they 
refused.  They  said  that  they  couldn't 
imagine  going  back  to  managing  patients 
without  it. 

Adams:  There  will  eventually  be  poor 
outcomes.  Have  you  discussed  tlie  legal 
liabilities  of  poor  outcomes? 

East:  Yes,  1  didn't  bring  slides  on  the 
legal  aspects,  but  they're  there  for  ther- 
apist-driven-protocols  as  well  as  for 
guidelines.  You  need  to  get  approval  in 
your  facility  as  a  standard  of  care  for 
whatever  protocol  you  want  to  use.  Oth- 
erwise, they're  going  to  hang  you  for  not 
following  the  standard  of  care  in  your 
own  institution.  Once  it's  approved  as 
a  standard  of  care  in  your  institution, 
then  if  you  deviate  from  it  you  need  to 
document  why  and  who  did  it.  That's 
part  of  the  audit  trail  in  our  computer- 
ized protocols.  Michael  Meehan',  coun- 
sel for  the  Cleveland  Clinics,  has 
described  problems  w  itli  therapist-driven 
protocols,  if  this  information  is  not  doc- 
umented and  you  are  taken  to  court. 
The\  put  the  prot(x:ol  up  and  say  "Well, 
did  you  follow  it?"  When  you  say  "No" 
and  there's  no  reason  documented  for 
why,  you've  lost  the  case,  basically. 

I.  Weber  K.  Milligan  S,  Therapist-driven 
protocols:  the  state  of  the  art.  Respir  Care 
1994;39(7):746-755. 
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Listing  and  Reviews  of  Hooks  and  Other  Media 

Note  lo  puhhshcrs:  Send  review  copies  of  books,  films,  tapes,  and  software  lo 
Rl  SPIK  \T()RV  C\RV.  1  1030  Abies  Lane.  Dallas  TX  15229-^59^. 


Books,  Films, 
Tapes,  &  Software 


New  editions  of  llic  follow  ing  textbooks  are  available  from  the  publisher. 

Manual  of  Pulmoiian  Function  Ti'slin;;.  6th  Edition,  by  GE  Ruppel.  Soft-cover.  507 
pages,  illustrated.  .St  Louis:  ,Mosb_\ -^ear  Book  Inc.  1994.  $29.9.S. 

Clinical  .Application  of  Blond  Gases,  ."ith  Edition,  by  BA  Shapiro.  WT  Peruzzi.  R  Teni- 
plm.  Haidco\er.  427  pages,  illustrated.  St  Louis:  Mosby-Year  Book  inc.  1994.  $4\.'-)5. 

Egan's  Fundanii'iitals  of  Respirator)  Care.  6th  Edition,  by  CL  Scanlan.  CB  Speiiniian. 
RL  Sheldon.  Hardcover.  1 .  197  pages,  illustrated.  St  Louis:  Mcsby-Year  Book  Inc.  igg."). 
S61.95. 


Resumes  and  Personal  Statements  for 
Health  Professionals,  by  JW  Tysinger.  Soft- 
cover.  196  pages,  illustrated.  Tucson  AZ: 
Galen  Press  LTD.  1994.  .SI. ^.9.^. 

Dr  Tysinger  has  been  a  health  education 
program  advisor  for  more  than  20  years, 
spending  9  of  those  associated  w  ith  medi- 
cal school.  According  to  the  author.  Resumes 
and  Personal  Statements  was  written  to  fill 
a  void  in  the  resources  for  constructing  re- 
sumes and  personal  statements.  We  believe 
no  such  void  exists.  How-to  texts,  articles, 
and  manuals  on  writing  a  resume  are  not  hard 
to  locate.  This  particular  text  is.  however, 
targeted  to  students  and  entry-level  health 
professionals  and  contains  examples  of  re- 
sumes and  personal  statements  for  various 
allied  healtli.  nursing,  and  medical  specialties. 

Of  the  30  resume  examples,  14  are  for 
medical  school,  residency  program,  and  first- 
job-after-residency  applicants.  Lest  the  res- 
piratory therapist  expect  a  stellar  template 
to  follow ,  there  is  only  one  example  for  a  res- 
piratory care  practitioner  (RCP)  in  the  re- 
sume section,  and  none  in  the  section  that 
includes  examples  of  personal  statements. 
This  RCP  example  for  a  CRTT  uses  incor- 
rect credentials  for  a  registered  respiratory 
therapist  (RT),  Like  many  of  the  examples 
with  celebrity  names  (Don  Shula,  E  Allen 
Poe,  Gertrude  Stein) — the  respiratory  ther- 
apist is  Paul  Shafer.  ( It  is  interesting  that  this 
RCP's  hobbies  include  trumpet  and  jazz.) 


Further,  Paul's  respiratory  therapy  diploma 
seems  to  be  overshadowed  by  his  associate 
degree  from  an  emergency  medical  tech- 
nology lEMT)  program,  and  a  bachelor  of 
arts  degree  in  music. 

To  Tysinger"s  credit,  the  book  includes 
a  "Personal  Experience  Inventory"  lo  be 
completed  before  progressing  through  the 
book;  this  is  verv  user-friendly  and  could 
help  an  individual  to  organize  thoughts  and 
experiences.  The  resume  examples  and  28 
personal  statements  illustrate  good  ideas  and 
different  ways  to  organize  and  present  in- 
fomiation.  Tysinger  also  includes  a  personal 
marketing  inventory  (for  use  when  writing 
a  personal  statement)  to  help  students  and 
first-time  job  seekers  identify  school-based 
and  experience-based  activities  that  lia\e 
shaped  their  lives. 

The  book  is  logically  organized  into  12 
chapters,  beginning  with  the  importance  of 
constructing  a  good  resume  and  personal 
statement  and  ending  w  ith  tips  for  building 
these  over  the  user's  professional  career.  The 
tips  offer  good  advice  about  becoming  ac- 
tive in  professional  organizations  and  vol- 
unteer opportunities.  In  a  step-by-step  pro- 
cess for  the  resume  and  personal  statement, 
Tysinger  takes  the  reader  through  a  defi- 
nition of  the  topic:  the  personal  marketing 
inventon':  a  plan  for  constniction:  and  many 
examples.  One  resume  and  personal  state- 
ment is  corrected:  this  is  helpful  because 
many  of  the  mistakes  are  common  errors. 


Tysinger  encourages  the  reader  to  make 
statements  specific  to  the  individual  or  in- 
stitution rather  than  simply  inserting  the 
name  of  an  institution  or  a  fierson  into  a  stan- 
dard form  letter.  The  text  also  includes  a 
short  chapter  (."S  pages)  on  how  to  construct 
cover  letters  and  thank-you  notes. 

The  book  is  probably  best  suited  for  stu- 
dents and  first-time  job  seekers.  It  is  log- 
ically organized,  easy  to  use,  and  presents 
material  in  a  way  that  is  not  overwhelm- 
ing to  the  reader.  The  only  section  that  is 
unique  to  health  care  (other  than  the  ex- 
amples used)  is  one  that  helps  the  user  to 
identify  clinical  and  professional  areas  of 
interest.  Tysinger  includes  a  tear  out  "Feed- 
back Form"  designed  for  readers  to  send 
examples  for  the  next  edition  or  comments 
on  their  likes  and  dislikes.  Needless  to  say, 
we  asked  for  a  new  and  improved  Paul 
Shafer  in  the  next  edition. 

Crystal  L  Dunlevy  EdD  RRT 

.Associate  Prolessor  & 

Director  of  Clinical  Education 

Respiratory  Therapy  Division 

The  Ohio  State  University 

Columbus,  Ohio 

Walter  (;  Schlosser  BS  RRT 

Staff  Therapist 

Respirators  Care  Department 

The  Cleveland  Clinic 

Cleveland,  Ohio 


Respiratory  Care  •  April  "96  'Vol  4 1  No  4 


341 


Letters 


Liiiiers  addressing  topics  iil'  currcm  interest  <ir  nuicrial  in  Rl^SPIRATORY  Carr  will  he  considered  for  publication.  The  Editors  may  accept  or 
decline  a  letter  or  edit  without  changing  the  author's  views.  The  content  of  letters  as  published  may  simply  rellect  the  author's  opinion  or  inter- 
pretation of  information — not  standard  practice  or  the  Journal's  recommendation.  Authors  of  criticized  material  will  have  the  opporlunilj  to 
reply  in  print.  No  anonymous  letters  can  be  published.  Type  letter  double-spaced,  mark  it  "For  Publication. "  and  mail  it  lo  RESPlR.ATOR'i 
Care.  I  1030  Abies  Lane.  Dallas  TX  7522')-45y.3. 


,Jiisl  Sa>  No  to  lluTiipciitk'  Touch! 

In  her  response  U)  my  letter.'  puhlislied 
iti  the  February  issue  ot  the  Ji>urti;il.  Ms 
Haines  seems  somehow  to  have  misinter- 
preted my  letter  opposing  Therapeutic  Touch 
(TT).  I  am  lully  aware  that  Krieger-  and 
Quinii"  are  proponents  ol'TT.  but  lo  slate  that 
Meehan's  study'  supports  TT  is  simply  not 
true!  The  following  is  taken  directly  from 
the  abstract  accompan\  ing  that  article. 

. . .  The  hypothesis,  that  TT  would  sig- 
nificantly decrease  postoperati\e  pain 
compared  to  the  placebo  control  inter- 
vention, was  not  stipported. 

Those  are  the  words  of  the  author  and 
require  no  further  comment  on  my  part. 

Ms  Haines  then  restates  that  her  refer- 
ences support  TT.  Well,  actually  some  of 
them  do  and  some  of  them  do  not.  I  will 
addre.ss  the  issue  of  the  references  that  do 
support  TT  later  in  this  letter  but  first  the  ;irti- 
cles  that  do  not. 

Her  reference  lo  other  work  by  Meehan 
supposedly  demonstrates  that  there  would 
be  a  greater  decrease  in  postoperative  pain 
in  patients  given  TT  than  in  those  given 
Mimic  Treatment  (placebo).  The  abstract. 
hovve\er.  slates  the  following:'' 

...  It  was  h\polhesi/c(,l  thai  there 
would  be  a  greater  decrease  in  post- 
test  acute  pain  scores  in  subjects 
treated  by  TT  than  subjects  treated  by 
Mimic  Treatment.  ...  .Although  a 
decrease  was  fouiul  in  post-test  acute 
pain  scores  of  subjecis  treated  by  TT 
compared  with  subjects  treated  by 
Mimic  Treatment,  it  was  not  great 
enough  to  be  significant  at  the  .05 
level.  The  hypothesis,  therefore,  was 
not  sup]xined.  .Slamlard  Treatment  set 
a  sensitive  internal  staiulard.  hut  was 
signillcanlK  more  effeclix  e  than  IT. 

In  other  wurds,  TV  was  significanlK 
worse  tti;ui  standard  niitNing  caie  w  Ith  no  spe- 
cial intervenlions  in  reducing  pain  in  post- 
operative patients! 

The  reference  b\  Ms  Haines  to  the  arti- 
cle by  Quinn'  that  supposedly  supports  TT 
actually  ii>)es  not.  I  he  ahslract  states  the 
followinii: 


■fhis  sludy  replicated  and  extended 
previous  published  research  which 
suggests  that  TT  in\ oh  es  an  energy 
exchange.  The  theorem  that  eye  and 
facial  contact  between  TT  practi- 
tioners and  subjects  should  not  be  nec- 
essary to  produce  the  effect  of  anx- 
iet\  reduction  w;is  tieduced  from  the 
Rogerian  conceptual  .system  and 
tested.  Thix  theorem  was  not  sup- 
ported. [My  emphasis.]  Numerous 
explanations  for  failure  of  the 
h\potheses  to  be  supported  are 
posited,  among  them  tlie  impact  of  the 
research  design,  effects  related  to  the 
investigator  as  practitioner,  and  med- 
ication. The  inlluence  of  medication 
in  particular  is  so  pervasive  in  the 
sample  that  it  would  seem  to  be  the 
most  reasonable  explanation. 

Ma|or  problems  w  ith  ihc  (^uiiin  article' 
as  pointed  out  by  other  aiilhors  include: 

1 .  When  the  results  did  not  support  the  ini- 
tial hspolhesis.  the  author  shifted  the 
search  for  positive  results  and  reported 
significant  etfects  on  hypertensit)n  not 
predicted  in  the  study  design.  However, 
the  author  did  perform  proper  random- 
ization in  this  study,  therefore  the  effects 
of  medication  should  ha\e  been  elimi- 
nated as  a  coiilotiiiding  Nariable.'' 

2.  The  tnvesiigalor  performed  the  inter- 
ventions which  can  |X)tentiall\  introduce 
bias.^ 

The  rest  of  the  references  cited  by  Ms 
Haines  either  have  serious  methodologic 
Haws  that  in\alidate  the  results  or  they  could 
not  be  replicated  in  studies  of  the  same  type. 
If  the  results  of  a  study  cannot  be  reprixiuced 
then  those  results  may  ha\e  simply  been  tltie 
to  chance. 

Tlie  ;inicle  by  Keller  and  B/dek"  has  been 
criticized  for  the  following  reasons; 

1  The  iinestigators  administered  the 
inters  enlions.^ 

2.  Placebo  control  was  inadequate." 

3.  Results  could  not  be  reproduced.^ 

4.  No  explanation  was  made  regard- 
ing why  a  4-hour  time  interval 
between  intervention  and  post-test 
was  chosen.'" 


5.  -5()'.f  t)f  the  placebo  group  in  the  4- 
hour  test  interval  were  remo\ ed  troni 
data  anaKsis.  prtxiucing  a  level  of  sta- 
tistical significance  not  present  when 
they  were  included.'" 

6.  This  article  is  used  in  a  textbook  on 
critical  thinking"  as  a  probable  exam- 
ple of  "post  hoc  ergo  propter  hoc" 
(fallacy  of  false  cause)  reasoning.  (I 
highly  recommend  this  text  for  any- 
one interested  in  improving  their  crit- 
ical thinking  skills.) 

The  article  by  Heidi'-  has  been  criticized 
for  the  following  reasons: 

1 .  No  randomization  of  subjects  was 
performed.'" 

2.  Tlie  prim;u"\  iiuestigator  administeird 
both  intervenlions  of  TT  and  casual 
touch  (placebo).'' 

3.  The  trxil  used  to  nieasure  anxiety  level 
was  of  t|uesiionable  validity.'" 

The  second  article  w ntteii  by  Quinn' '  aiul 
referred  to  by  Ms  Haines  has  its  share  of 
problems  also.  These  include: 

1 .  The  results  could  not  be  replicated  by 
the  same  author  in  a  laler  study.' 

2.  Otlier  studies  ha\e  shown  no  decrease 
in  anxiety.^ 

The  last  relerence  of  Ms  Haines  is  to  an 
article  by  Wirth  et  al.'''  The  main  author 
could  not  replicate  the  results  using  the  same 
research  mode.'^  The  abstract  of  this  follow- 
up  study  states:''' 

...  Results  showed  significance  for 
the  treated  versus  the  control  group 
but  in  the  opposite  direction  from  that 
expected.  |M\  emphasis.] 

The  aulhor  ihen  goes  on  to  give  possi- 
ble explanations  for  the  negative  results  but 
overlooks  ihe  more  likels  explanation  that 
TTdoes  not  work!  A  second  pmblem  with 
the  article  referenced  by  Ms  Haines  is  that 
according  to  Meehan:"" 

...  In  studies  that  purport  to  link  TT 
to  wound  healing,  it  clearly  is  not  TT 
that  is  being  tested. 

I  believe  that  the  final  score  on  the  six 
references  provided  by  Ms  Haines  is: 
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1 .  Two  did  not  supfxirt  the  authiirs'  primary' 
Inpothesis. 

2.  Four  had  serious  methodologic  flaw  s  or 
were  unable  to  be  replicated. 

In  a  letter  to  the  editor  of  the  American 
Journal  ofNiirsiiif;."'  Meehan  described  the 
current  e\  idence  supporting  TT: 

...  anecdotal  e\  idence  is  not  enough. 
Thev  bring  to  the  lore,  yet  offer  no 
hope  of  ansv\ering.  the  two  most  seri- 
ous charges  leveled  against  propo- 
nents of  TT:  the  practice-related 
charge  of  quackery  or  witchcraft  (in 
kinder  terms,  faith-healing ).  and  the 
academic  charge  of  pseudoscience. 

The  first  charge  is  understand- 
able, given  the  nature  of  TT  and  the 
dramatic  therapeutic  outcomes  attri- 
buted to  it.  What  is  needed  from  pro- 
ponents are  rigorous,  precise,  and 
critical  analyses  of  the  concepts  and 
assumptions  underlv  ing  TT.  Reports 
of  practice  must  be  presented  from 
the  perspective  of  a  disinterested 
observer,  and  should  include  care- 
fully documented  outcomes  and  crit- 
ical e\ aluation  . . .  proponents  would 
do  well  to  avoid  trivializing  TT  by 
associating  it  with  'new  age"  ideas 
and  organizations. 

. . .  The  second  charge  of  pseu- 
doscience strikes  at  the  heart  of 
nurses'  intellectual  and  scientific 
integrity  and.  sadly,  is  not  unfounded. 

. . .  What  current  research  about 
TT  tells  us.  according  to  Popper's 
principle  of  refutation  and  verifica- 
tion is  that  llierc  is  no  convincing  evi- 
dence [my  emphasis]  that  TT  pro- 
motes relaxation  and  decreases 
anxiety  beyond  a  placebo  response, 
that  the  effects  of  TT  on  pain  are 
unclear  and  replication  studies  are 
needed  before  any  conclusions  are 
drawn.  Other  claims  about  outcomes 
are.  in  fact,  speculation.  In  studies  that 
puiport  to  link  TT  to  wound  healing. 
it  clearly  is  not  TT  that  is  benig  tested. 

Readers  should  note  that  this  is  the  same 
Meehan  that  Ms  Haines  refers  to  as  sup- 
porting TT! 

Ms  Haines  states  in  her  response  to  my 
letter  that  she  listed  "ju.st  six  of  the  clinical 
research  studies."  The  implication  is  that 
there  is  a  huge  volume  of  e\  idence  sup- 


porting TT.  Let's  take  a  closer  look  at  the 
rest  of  the  literature. 

In  1992.  Quinn  of  the  University  of 
Colorado  (CU)  was  directed  by  the  State 
Board  of  Nursing  to  document  the  efficacy 
of  TT.  Quinn  produced  a  "reading  list"  of 
201  references.  This  list  was  analyzed  by 
an  organization  of  concerned  citizens 
known  as  the  Rocky  Mountain  Skeptics. 
Their  findings  are:'^ 

1 .  Eight  of  the  references  w  ere  duplicates 
or  separate  listings  of  different  parts  of 
the  same  work.  The  total  should  have 
been  193.  not  201. 

2.  Ten  were  to  articles  published  in  the  pojv 
ular  press. 

3.  Forty-four  articles  were  classified  as  "pop- 
ular" works,  incidental  mentions,  and 
unrelated  publications.  They  were  not 
research  articles  and  cannot  be  used  to 
defend  TT. 

4.  Twenty-eight  articles  were  in  journals 
witli  little,  no.  or  questionable  reputations. 

5.  Thirty-eight  were  nonpeer-re\'iewed  bcxik 
appearances.  Three  of  these  are  video- 
tapes by  Quinn. 

6.  Two  are  correspondence  responding  to 
attacks. 

7.  Six  are  dissertations  and  theses  that  ma\ 
be  oblique  to  the  topic. 

8.  Three  are  reviews  (no  original  work). 

9.  Two  are  probable  reviews  (no  original 
work). 

10.  Five  are  supportne  dissertations  and  the- 
ses. The  abstracts  reveal  unifomily  small 
samples  and  poor  experimental  designs. 

11.  Five  are  possibly  authentic  research 
papers.  Tlie  publications  iire  obscure  and 
may  not  be  refereed  journals. 

12.  Six  are  genuine  research  articles.  All  but 
one  of  these  has  been  attacked  by  others 
for  various  reasons. 

1 3. Thirty  are  unrefereed  articles  in  newslet- 
ters and  trade  publications. 

14. Twelve  are  contrarian  responses.  Some 
of  these  12  include  dissertations  that 
attempt,  but  fail,  to  confirm  the  TT 
hvpothesis.  The  others  are  not  marked 
as  being  skeptical  of  TT. 

In  summar\ .  the  "evidence"  supporting 
TT  provided  by  one  of  its  leading  ad\  ocates. 
appears  to  crumble  upon  close  examination. 

The  Rocky  Mountain  Skeptics  took  their 
findings  and  concerns  about  public  funding 
of  pseudoscience  directly  to  the  Board  of 
Regents  (BOR)  of  CU."'  The  BOR  appointed 


a  commission  under  Dr  Henry  Claman  to 
investigate  the  scientific  credibility  of  TT. 
The  findings  of  the  Claman  Commission 
include  the  following:''' 

...  To  date,  there  is  not  a  sufficient 
body  of  data,  both  in  quality  ;md  quan- 
tity, to  establish  TT  as  a  unique  and  effi- 
cacious healing  modaLity. . . .  Tliis  lack 
of  data  and  consequently  the  perceived 
uncertainties  . . .  brings  the  potential  to 
ha\ e  a  negati\ e  effect  and  statuie  and 
reputation  of  the  School  of  Nursing. 
Qualitativ e  judgments  and  evaluations 
are  not  sufficient  to  document  and 
establish  TT  as  an  efficacious  thera- 
peutic or  healing  modality.  ...  If  an 
effect  is  observable,  it  can  be  measured. 
It  is  not  adequate  to  state  that  TT 
involves  mechanisms  which  cannot  be 
proven  by  ordinary  methods.  Such 
comments  are  a  dissen  ice  to  science 
and  the  practice  of  healing  and  demon- 
strates a  commitment  to  metaphysics 
and  the  mystical  \ lew  of  life  rather  tliim 
to  a  scientillc  or  rational  view  of  life. 
...  It  is  inapprojinate  in  the  context  of 
a  health  sciences  center  to  teach  and 
practice  TT  for  another  20  years  in  the 
absence  of  \  alidation  of  TT  as  an  effi- 
cacious healing  modality. 

I  agree  with  Ms  Haines  on  one  point,  ll 
is  up  to  each  individual  to  investigate  the 
validity  of  TT.  Then  an  infonned  choice  can 
be  made  whether  to  incoi'porate  it  into  patient 
care.  The  choice  comes  down  to  this  ques- 
tion: Should  we  incorporate  an  unproven 
modality  that  has  its  foundations  in  Eastern 
mysticism,  the  occult,  and  'new  age'  tenet, 
or  should  we  insist  upon  evidence  based  on 
the  scientific  method  of  pertorming  rese;irch'.' 
I  think  the  choice  is  obvious. 


Wayne  C  Anderson  BA  RRT 

Instructor 

Point  Park  College 

St  Francis  Medical  Center 

School  of  Respiratory  Care 

Pittsburah,  Pennsvlvania 


1  am  greativ  indeblL'd  to  Linda  Rosa  RN  B.\ 
BSN  Corresponding  Secretary  of  the  Front  Range 
Skeptics  and  Co-Chair  of  the  Questionable  Nurse 
Practices  Task  Force  of  the  National  Council 
Against  Health  Fraad  (NC.AHF)  for  prov  iding  nic 
with  most  of  this  inlorniation. 
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Humidity  &  Standards: 
More  Questions  than  Answers 

111  the  JaiuiiUT,  issue  ol  the  Journal.  Miyao 
et  al'  describe  the  el'l'ects  of  different  levels 
of  humidity  in  inspired  gases  on  the  hydra- 
tion of  simulated  pulmonary  secretions.  The 
authors  have  made  similar  observations  in 
prev  ious  publications.-  "  I  find  the  concept 
that  the  authors  intrtxlucc  related  to  the  cross- 
sectional  area  of  the  airway  and  secoition  dry- 
ing an  interesting  one.  Briefly.  Miyao  et  al 
suggest  that  as  the  cross-section  of  the  air- 
way imd.  consequently,  surface  ;irea  increase. 
the  ability  of  gases  with  low  relative  humid- 
ity to  cause  inspissation  of  secretions  is 
reduced.  Conversely,  gases  with  low  rela- 
tive humidity  delivered  to  the  endotracheal 
tube  cause  accelerated  drying  of  secretions 
due  to  a  small  cross-sectional  area.  This  the- 
ory deserves  some  consideration. 

I  have  rarely  seen  obstruction  of  an  arti- 
ficial airway  secondary  to  insufficient  hu- 
midificatlon  when  a  heated  humidifier  and 
an  unhealed  wire  circuit  set  to  deliver  32° 
C at  the  Y-piece  are  uscd.^  '^let.  when  heatetl 
wire  circuits  with  a  large  temperature  off- 
set are  used,  there  appears  to  be  an  increased 
incidence  of  airway  obstruction.-  '^  These 
obserx  ations.  when  considered  together.  ;ire 
pu//Jing.  If  a  gas  at  .32=  C  and  100':*  rela- 
tive humidity,  or  RH'/K  (absolute  humid- 
ity. AH  =  34  ing  HiO/L)  is  wanned  to  body 
temperature  (37°  C  at  1007^  RH  =  44  mg 
H:0/L).  then  the  contribution  of  the  res- 
piratory tree  is  10  mg  ll:()/L.  Similarly,  a 
gas  delivered  to  the  airway  at  37-  C  at  759i 
RH  (AH  =  33  mg  H2O/L),  wanned  to  body 
temperature,  requires  the  respiratory  tree  to 
add  1 1  mg  H;0/L.  Yet.  inspissation  of  secre- 
tions is  rarely  seen  in  the  foniier  and  is  more 
frec|ueiith  reported  in  the  latter.  Ihe  answer 
may  be  explained  by  the  concept  relating 
cross-sectional  area  to  moisture  loss.  That 
is,  gas  with  low  RH'  <  entering  the  artificial 
airway  has  a  concentrated  drying  effect  in 
the  large  airways  resulting  in  thick  secre- 
tions. Gas  at  a  high  RH^r  but  lower  AH  has 
a  less  immediate  effect  and  slow  ly  increases 
temix-rature  and  water  ct)ntenl  from  a  Uirger 


heat  sink  (increasing  cross-sectional  area  of 
the  respiratory  tree.)  Miyao  et  afs  paper  is 
a  valuable  addition  to  the  literature,  if  only 
this  concept  receives  more  attention. 

That  being  said,  there  are  litnitations  to 
Miyao  et  afs  work.  I  believe  that  their 
model  of  an  artificial  airway  and  respira- 
tory tree  is  simplistic.  The  model  uses  only 
unidirectional  gas  tlow  to  simulate  the  bidi- 
rectional flow  present  in  the  respiratory 
tract.  Therefore,  the  retention  of  moisture 
that  occurs  during  expiration,  an  important 
portion  of  nonnal  respiratory  tract  function, 
is  missing  from  the  model.  The  authors  use 
dry  filter  paper  to  simulate  the  endotracheal 
tube:  whereas,  most  thermolabile  artificial 
aiivvays  allow  stiiiie  heat  transfer  to  inspired 
gases  from  the  moist  respiratoiv'  mucosa  and 
can  act  as  inefficient  heat  and  moisture  ex- 
changers.'' Clearly,  the  model  used  in  this 
study  can  he  characterized  as  a  poor  rep- 
resentation of  the  real  thing.  Of  course,  the 
authors  have  chosen  simplicity  to  minimize 
interaction  of  variables  and  provide  tighter 
control  of  delivered  humidity  and  tem- 
perature, but  I'm  afraid  that  they  may  have 
simplified  the  model  to  the  extent  that  it  no 
longer  represents  the  in  vivo  characteris- 
tics of  the  system  they  intended  to  study. 
In  fact.  I  suggest  that  the  results  obtained 
w  ith  their  simple  model  were  predictable. 
To  put  it  simply — a  dry  gas  will  extract 
moisture  from  a  gel  and  a  wet  gas  will  add 
nmisturc  to  a  gel.  What  other  possibilities 
are  there'.' 

.Another  technical  point  that  needs  to  be 
settled — the  difference  in  temperature 
between  the  huinidification  chamber  and  the 
airway  temperature  probe.  Manufacturers 
have  allow  cd  an  offset  of  as  much  as  5°  C 
so  that  humidifiers  can  be  used  to  deliver 
wann  gases  to  patients  w  ithout  an  artificial 
airway.  Using  the  previous  example,  an  air- 
way  temperature  of  37°  C  allows  an  AH  of 
44  mg  H;0/L.  If  the  chamber  temperature 
is  set  5'^  C  below  airway  temperature,  the  AH 
of  gases  leaving  the  chamber  is  34  nig 
HiO/L.  and  when  the  gases  reach  37°  C  the 
relative  humidity  is  15%.  This  situation 
should  never  occur  in  a  patient  with  an  arti- 
ficial airway.  Unfortunately,  clinicians  some- 
times adopt  this  unsafe  practice  to  miniini/.e 
condensate  within  a  heated  wire  circuit. 
.Although  this  practice  may  make  life  sim- 
pler for  the  respiratory  care  practitioner,  it 
should  be  eradicated.  Blame  does  not  lie  with 
the  manufacturers  in  this  instance,  but  with 
the  caregivers. 
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Lastly,  what  about  the  standard?  ASTM 
currently  recommends  that  30  mg  H^O  be 
dehvered  to  the  end  of  the  "breathing  tube."" 
If  one  looks  in  the  Appendix  of  that  stan- 
dard, one  finds  the  definition  of  breathing 
tube — basically,  the  tube  that  connects  to 
the  Y-piece.  So.  the  standard  says,  heated 
humidifiers  should  provide  a  minimum  of 
30  mg  H2O/L  at  the  end  of  the  breathing 
tube.  Another  point  about  ASTM  stan- 
dards— they  are  written  so  that  manufac- 
turers can  use  like  test  methods  to  pro\e  the 
safety  and  efficacy  of  their  devices.  They 
are  not  intended  to  be  standards  of  clinical 
practice  or  recommendations  for  optimal 
practice.  Those  can  be  found  in  the  AARC 
Clinical  Practice  Guidelines.'* 

In  the  end.  Miyao  et  al  leave  us  with  the 
nagging  humidification  question.  What  is 
the  optimum  level  of  humidity  that  should 
be  delivered  to  patients  with  an  artificial  air- 
way? Do  we  try  to  provide  the  optimum, 
minimum  safe,  or  maximum  humidity? 
How  do  we  measure  the  effects  of  humid- 
ity strategies?  Do  we  look  at  cellular  struc- 
ture, tracheal  mucus-flow  velocity,  ciliary 
structure,  secretion  volume,  secretion  vis- 
cosity, or  simply  patient  response  (eg,  the 
presence  of  a  plugged  vs  an  unplugged 
endotracheal  tube).'  Well-designed  animal 
and  clinical  research  should  be  directed 
toward  answering  these  questions. 

Finally,  assuming  the  prerogative  of 
the  letter  writer,  I  will  muddy  the  issue  by 
espousing  my  own  ideas.  Optimum  humid- 
ification is  a  time-,  environment-,  and  con- 
dition-related answer.  By  way  of  explana- 
tion, a  patient  with  normal  lungs,  entering 
the  operating  room  for  a  2-hour  procedure 
probably  requires  minimum  humidification. 
The  moisture  from  the  circle  absorber 
appears  to  be  sufficient,  if  for  no  other  rea- 
son than  the  empirical  evidence.  Everyday 
in  this  country,  thousands  of  people  with  nor- 
mal lungs  have  operations,  are  intubated. 
receive  only  the  humidity  provided  by  the 
circle  absorber,  wake  up.  and  go  home  none 
the  worse  for  wear.  On  the  opposite  side  of 
the  spectrum,  the  patient  with  COPD.  exces- 
sive secretion  production,  fever,  and  minute 
ventilation  of  >  10  L/min  who  requires  inva- 
sive mechanical  ventilation  needs  heated 
humidification  at  33-35°  C  with  I009f  RH. 
In  between  are  a  host  of  patients  for  w  honi — 
depending  upon  the  length  of  time  the  air- 
way is  bypassed,  the  previous  lung  health 
of  the  patient,  and  the  desired  humidifica- 
tion effect  {optimum,  minimum,  maxi- 


mum)— the  required  humidity  and  humid- 
ification devices  are  different.  This  is  one 
of  the  reasons  the  Mechanical  Ventilation 
Consensus  Conference  recommended  2.5- 
35  mg  H:0/L.'*  Because  a  previously  lung- 
healthy  patient  ventilated  in  the  recovery 
room  for  2  hours  after  surgery  requires  only 
an  artificial  nose  that  delivers  25-26  mg 
H:0/L.  However,  a  patient  with  COPD, 
copious  secretions  from  necrotizing  pneu- 
monia, and  temperature  of  39°  C  requires 
heated  humidification  and  humidity  ap- 
proaching alveolar  conditions.  So.  unfor- 
tunately, as  usual,  patients  do  not  lend  them- 
selves to  being  easily  pigeon-holed.  Perhaps 
the  real  goal  of  humidification  is  "appro- 
priate humidity"  or  that  which  is  necessary 
for  the  patient  based  on  setting,  lung  health, 
length  of  use.  and  desired  effect.  What  is  the 
appropriate  level?  I  don't  know.  I  do  know, 
however,  that  the  appropriate  level  changes 
from  patient  to  patient  and  is  best  judged  by 
careful  patient  assessment  by  the  respira- 
tory care  practitioner. 

Richard  D  Branson  RRT 

Assistant  Professor  of  Surgery 

University  of  Cincinnati 

Cincinnati.  Ohio 
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Dr  Mi\ao  and  colleagues  respond: 

We  appreciate  Mr  Branson's  interest  in 
our  paper'  and  are  glad  that  he  had  such  a 
good  understanding  of  the  paper's  point.  We 
would  like  to  respond  to  the  points  he  raised. 

We  agree  with  the  statement  that  a  gas 
at  32°  C  and  100%  RH  ( AH  =  34  mg  H2O/L) 
reduces  the  incidence  of  airway  obstruction 
more  than  a  gas  at  37°  C  and  75%  RH  (AH 
=  33  mg  H:0/L).  This  is  because  the  deficit 
of  1 1  mg  H2O/L  (alveolar  gas  AH  of  44  mg 
H;0/L  -  33  mg  H2O/L)  would  be  taken 
mainly  from  the  upper  airway  in  the  latter 
gas;  whereas,  the  former  would  derive  1 1  mg 
HiO/L  from  the  periphery. 

We  readily  admit  that  a  one-way  flow  of 
gases,  as  was  used  in  the  model,  does  not 
mimic  physiologic  conditions.  Our  first  rea- 
son for  adopting  unidirectional  flow  has  to 
do  with  inspissation  of  secretions.  Under 
actual  conditions,  expiration  acts  to  hydrate 
secretions  that  have  been  dried  during  the 
inspiratory  phase.  However,  inspissation  of 
secretions  would  never  occur  even  after  long- 
term  exposure  to  a  dry  gas  if  such  a  coun- 
tercurrent  system  were  completely  satis- 
factory, and  humidifiers  would  not  be 
necessary.  Inspissation  of  secretions,  there- 
fore, is  caused  by  the  characteristics  of  the 
inspired  gas.  The  second  reason  has  to  do 
with  temperature  control.  No  attempt  was 
made  to  siinulate  actual  temperature  con- 
ditions in  the  model  because  an  exact  sim- 
ulation can  be  obtained  only  by  leaving  the 
upper  part  of  the  model  at  room  temperature, 
the  middle  part  at  oral  temperature,  and  the 
lower  part  at  body  temperature.  If  bi- 
directional flow  had  been  adopted  in  our 
model,  it  would  have  been  necessary  to  pre- 
pare a  lung  model  complex  in  regard  to  tem- 
perature and  moisture.  The  experiment  would 
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have  been  difficult  to  carry  out  and  the  results 
difficult  to  interpret.  The  third  reason  stems 
from  a  weakness  in  the  available  technol- 
ogy. The  response  time  of  even  the  most 
recently  developed  hygrometer,  such  as  was 
used  in  the  present  study,  is  too  slow  to 
respond  adequately  to  ordinary  respiration. 

In  summary,  we  chose  to  simplify  the 
expeiiment  by  using  one-way  flow  in  order 
( 1 )  to  save  time  by  shortening  the  overall 
time  required  for  exposure  of  the  gel.  (2) 
to  eliminate  the  complex  effects  of  expired 
gas.  and  (.^)  to  avoid  technical  problems.  We 
think  that  in-vivo  studies  should  follow. 

In  our  opinion.  Mr  Branson  oversimpli- 
fied the  experiment,  in  writing  "To  put  it  sim- 
ply— a  dry  gas  will  extract  moisture  from  a 
gel  and  a  wet  gas  will  add  moisture  to  a  gel." 
But  what  is  a  dry  gas?  What  is  a  wet  gas? 
Which  gas  used  in  our  study  is  drier.  Gas  3 
(AH  =  30.5  mg  H:0/L.  38°  C.  669^  RH)  or 
Gas  5  (AH  =  27.2  mg  H2O/L,  28°  C.  1007r 
RH)?  Although  Gas  5  would  derive  more 
water  from  the  whole  lung  than  Gus  3.  Gas 
5  could  add  more  moisture  to  the  upper  air- 
way than  Gas  3.  Therefore,  in  the  upper  air- 
way, Gas  3  may  be  drier  than  Gas  5.  yet  in 
the  whole  lung  Gas  3  may  be  drier  than  Gas 
3  (see  detail  in  the  figure  from  Reference  1 . 
reprinted  here).  Absolute  humidity  is  essen- 
tial for  determining  the  total  amount  of  water 
derived  from  the  patient's  lung,  and  relative 
humidity  is  decisive  in  detennining  whence 
most  of  the  water  is  derived. - 

Mr  Branson  also  mentioned  tliat  a  humid- 
ifier with  a  heating  wire  can  be  used  on 
patients  without  an  artificial  airway.  But.  one 
of  the  main  reasons  tor  using  a  heating  wire 


is  to  eliminate  the  condensate  from  the  cir- 
cuit. We  don't  think  it  is  necessary  to  heat 
airway  temperature  5°  C  higher  than  the  tem- 
perature of  the  humidification  chamber  to 
eliminate  condensate.  Who  would  request 
such  a  setting?  Is  there  any  pathologic  con- 
dition in  which  such  a  setting  might  be 
needed?  Although  excessive  condensate 
should  be  avoided  to  lessen  the  likelihood 
of  nosocomial  infection,  a  temperature  dif- 
ference of  0°  C  between  the  airway  and 
humidification  chamber  is  enough  to  elim- 
inate excessive  condensate. 

We  regret  that  many  intensivists,  ICU 
nurses,  manufacturers,  and.  especially,  the 
I.SO  and  ANSI  Committee  seem  to  have  lit- 
tle interest  in  relative  humidity.  We  don't 
want  ANSI  to  specify  the  standards  of  clin- 
ical practice  or  make  recommendations  for 
optimal  practice,  but  we  do  want  a  standard 
of  minimum  safety.  We  may  safely  say  that 
AH  should  be  greater  than  30  mg  HiO/L  by 
adding  the  condition  that  RH  be  over  95%. 
This  is  a  simple  request.  Our  study  was  not 
designed  to  indicate  optimal  \  alues  of  AH 
and  RH.  We  hope  that  in  vivo  studies  will 
follow.  We  also  hope  that  this  study  will 
arouse  interest  in  relative  humidity. 

The  writer  stated  ". .  .a  patient  with  nt)r- 
mal  lungs,  entenng  the  operating  room  for 
a  2-hour  procedure  probably  requires  min- 
imum humidification.  ..."  This  may  be  for- 
given in  a  patient  with  nonnal  lungs  and  for 
a  short  procedure.  Such  patients  have  a 
reserve  against  bad  conditions.  Delivery  of 
drs  gases  should  be  avoided  for  even  a  wet 
lung  as  in  COPD.  The  more  the  secretions, 
the  more  easily  they  coagulate  in  an  arti- 


ficial airway  when  a  dry  gas  is  delivered. 
We  don't  agree  that  the  appropriate  level 
of  the  humidity  changes  from  patient  to 
patient.  We  do  believe  that  RH  should  be 
near  100%  with  AH  above  30  mg  H2O/L. 
The  writer  mentioned  an  artificial  nose  that 
delivers  25-2fi  mg  11;0/L  without  many 
complications.  This  is  probably  because  RH 
is  high  enough  to  prevent  the  drying  of 
secretions  in  the  artificial  airway.  We  may 
safely  say  that  KM)'";  RH  is  a  minimum 
safety  standard. 

HIdeki  Miyao  Ml) 

Toru  Hirokawa  MI) 

Taro  Kawazoe  MD 

Department  of  .Anesthesiology 

Saitama  Medical  Center.  Saitama 

Medical  School 

Saitama,  Japan 

Katsuyuki  Miyasaka  MD 

Department  of  Anesthesia  and  ICU 

National  Children's  Hospital 

Tokyo,  Japan 
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Possible  absolute  humidity  (AH)  curve  of  Gas  3  and  Gas  5  in  inspiratory  phase 
and  total  circumference  of  airway.  Due  to  reduced  relative  humidity.  Gas  3 
(38°  C,  66°o.  30.5  mg/L)  has  greater  ability  to  dehydrate  mucosa  than  Gas  5 
(28  0,  lOCo,  27.2  mg/L).  Gas  3  would  deprive  the  trachea  of  the  greatest 
amount  of  water,  resulting  in  steeper  rise  in  AH  in  this  area.  AH  increases 
because  water  is  supplied  from  tracheal  mucosa.  Mucosal  surface  area,  which 
is  not  proportional  to  total  cross-section  of  airway  but  to  total  circumference, 
rapidly  expands  from  carina.  Steplike  line  represents  total  circumference  of  air- 
way (calculated  by  multiplying  diameter  x  n  x  airway  generation  number) 
adapted  from  data  in  Weibel's  work.^^^s  which  shows  the  average  diameters 
and  lengths  of  Human  Adult  Aira/ay  Model  "A."  Right  side  of  vertical  axis  refers 
to  total  circumference  of  airway  in  mm.  Horizontal  axis  refers  to  distance  from 
glottis  in  mm.  Mucosal  surface  area  is  calculated  by  multiplying  circumference 
by  distance;  mucosal  surface  area  can  be  obtained  by  integrating  area  below 
line  of  total  circumference  of  aira/ay.  If  speculation  about  shape  of  AH  curve  for 
each  gas  is  correct,  amount  of  water  deprived  per  unit  area  of  tracheal  mucosa 
by  Gas  3  would  be  larger  than  that  by  Gas  5,  although  total  amount  of  water 
deprived  by  Gas  3  (13.5  mg/L  =  44  -  30.5)  is  actually  smaller  than  that  deprived 
by  Gas  5  (16.8  mg/L  =  44 -27.2).  (Repnnted  from  Reference  1.) 
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1996  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratofy  Care  and  its  sci- 
ence journal.  Rl-siMRATOR'i'  Carh,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  Tiie 
abstracts  will  be  reviewed,  and  selected  authors  will  be  in- 
\  ited  to  present  posters  at  the  OPEN  FORliM  during  the  AARC 
International  Convention  &  Exhibition  in  San  Diego.  Cali- 
fornia. November  3-6.  19%.  Accepted  abstracts  will  be  pub- 
lished in  the  October  1996  issue  of  RtSPIRATORY  CARE.  Mem- 
bership in  the  AARC  is  not  required  for  participation. 

SPECIFICATIONS— READ  CARP:FULLY! 

An  abstiact  ma\  report  ( 1 )  an  original  .study,  (2)  tiie  eval- 
uation of  a  nictliod  or  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing  care/re- 
habilitation, perinatology/pediatrics,  cardiopulmonary  tech- 
nology, or  health-care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  nation- 
al— meeting  and  should  not  have  been  published  previous- 
ly in  a  national  journal.  The  abstract  will  be  the  only  evidence 
by  which  the  reviewers  can  decide  whether  the  author  should 
be  invited  to  present  a  poster  at  the  OPEN  FORUM.  Therefore. 
//(('  ahstiact  must  provide  all  iiuportaiU  child,  fiiuliiii^s.  and 
conclusions.  Give  specific  infomiation.  Do  not  write  such  gen- 
eral statements  as  "Results  w  ill  be  presented""  or  "Significance 
will  be  discussed." 

E^ssential  Content  Elements 

Original  study.  Abstract  nnist  include  ( I )  Background: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  permit  judgment  of  validity:  ( 3 )  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statis- 
tical analysis:  (4)  Conclusions:  interpretation  of  the  meaning 
of  the  results. 

Metliod/devicc  evaluation.  AbsUact  nin.st  include  ( I )  Back- 
ground: identification  of  the  method  or  device  and  its  intended 
function:  (2)  Method:  description  of  the  evaluation  in  suffi- 
cient detail  to  permit  judgment  of  its  objectivity  and  valid- 
ity: (3)  Results:  findings  of  the  evaluation;  (4)  Experience: 
summary  of  the  author"s  practical  experience  or  a  lack  of  ex- 
perience; (5)  Conclusions:  inteipretation  of  the  evaluation  and 
experience.  Cost  comparisons  should  be  included  where  pos- 
sible and  appropriate. 

Case  report.  Abstract  /;;/(,s7  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  ( I ) 
Introduction:  Relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summiu-y:  Patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  Content  should  re- 
flect results  of  literature  review.  The  author(s)  should  have 
been  actively  involved  in  the  case  and  a  case-managing  physi- 
cian must  be  a  co-author  or  must  approve  the  report. 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  The  first  line  of 
the  abstract  should  be  the  title  in  all  capital  letters.  Title  should 
explain  content.  Follow  title  with  names  of  all  authors  (in- 
cluding credentials),  institution(s).  and  location.  L'nderline 
piesenter"s  name.  Type  or  electronically  print  the  abstiact  ,v/(?- 
gle  spaced  in  the  space  provided  on  the  abstract  blank.  In- 
sert only  one  letter  space  between  sentences.  Text  submis- 
sion on  diskette  is  encouraged  but  must  be  accompanied  by 
a  hard  copy.  Identifiers  will  be  masked  (blinded)  for  review. 
Make  the  abstract  all  one  paragraph.  Data  may  be  submitted 
in  table  form,  and  simple  fii^nres  may  be  included  provided 
they  fit  within  the  space  allotted.  No  figures,  illustrations,  or 
tables  are  to  be  attached  to  the  abstract  form.  Provide  all  au- 
thor information  requested  at  the  bottom  of  abstract  form.  A 
clear  photocopy  of  the  abstract  form  may  be  used.  Standard 
abbrcN  iations  may  be  employed  without  explanation.  A  new 
or  infrequently  used  abbreviation  should  be  preceded  by  the 
spelled-out  tenii  the  first  time  it  is  used.  Any  reciming  phrase 
or  expression  may  be  abbreviated,  if  it  is  first  explained.  Check 
the  abstract  for  ( I )  ertors  in  spelling,  grammar,  facts,  and  fig- 
ures; (2)  clarity  of  language;  and  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may  not 
be  reviewed.  Questions  about  abstract  preparation  may  be  tele- 
phoned to  the  editorial  staff  of  Rh.SPIRATOR^  Care  at  (214) 
243-2272. 

Deadline  Allowing  Revision 

Authors  may  choose  to  submit  abstracts  early.  Abstracts 
postmarked  by  February  1 1.  1996  will  be  reviewed  and  the 
authors  notified  by  letter  only  to  be  mailed  by  March  22, 
1996.  Rejected  abstracts  will  be  accompanied  by  a  written 
critique  that  should,  in  many  cases,  enable  authors  to  revise 
their  abstracts  and  resubmit  them  by  the  final  deadline  (April 
28,  1996). 


Final  Deadline 


rhe  mandatoi7  Final  Deadline  is  April  28  (postmark).  Au- 
s  will  he  notified  of  acceptance  or  rejection  hy  letter  onlx. 
;se  letters  will  be  mailed  by  July  \5.  1996. 


Th( 
thon 
These  lette 


Mailing  Instructions 


Mail  (Do  not  fax! )  2  clear  copies  of  the  completed  abstract 
form,  diskette  (if  possible),  and  a  stamped,  self-addressed  post- 
card (for  notice  of  receipt)  to; 

Respiratory  Care  Open  Forum 

11030  Abies  Lane 

Dallas  TX  75229-4593 
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Abstract  Form 


o 

6 


13.9  cm  or  5.5" 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


Name  &  Credentials 


Mailing  Address 
Voice  Phone  &  Fax 


1 .  Title  must  be  in  all 
uppercase  (capital) 
letters,  authiirs"  full 
names  and  te.\l  in 
upper  and  lower  case. 

2.  Follow  title  with  all 
authors"  names 
including  credentials 
(underline  presenter's 
name),  institution,  and 
location. 

.^.  Do  not  justify  (ie, 
leave  a  "ragged'  right 

margin). 

4  Do  not  use  type  size 
less  than  10  points. 

5.  All  text,  tables,  and 
figures  must  fit  into 
the  rectangle  shown. 

6.  Submit  2  clean  copies. 
This  tbmi  may  be 
photocopied  if 
multiple  abstracts  are 
to  be  submitted. 


Mail  original  & 
I  photocopy 
(along  with  postage- 
paid  postcard)  to 

KKSI'IKAIOK^  Cark 

Ol'KN  KOKl  M 

IIO.Mt  Ahlesl.ane 

Dallas  TX  75229-4593 


Early  (leadline  is 
February  II.  1996 

il>()s!nuirk) 

Final  deadline  is 

April  28.  1996 

{poslniarkj 


IHI     1  II  A    MH)U    M     pmiDlK    Is    KII'IIKTIM.    !■  R  1 1  ( .  K  A  M 


For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 

events  and  product  problems 


FDA  Use  Only  (RESP  CARE) 


A.  Patient  information 


Patient  Identifier 


In  confidence 


2    Age  at  time 
of  event; 


Date 

of  birtfi: 


3  Sex 

I     I  female 
I     I  male 


Page 


4   Weight 


kgs 


B.  Adverse  event  or  product  problem 


1    [_\  Adverse  event       and  t 


I     I  Product  problem  (e  g  ,  defects/malfunctions) 


2    Outcomes  attributed  to  adverse  event 

(check  all  that  apply) 


I     I  death 


I     I  life-threatening 

I     I  hospitalization  -  inilial  or  prolonged        \_\  other 


I     I  disability 

I     I  congenital  anomaly 

I     I  reguired  intervention  to  prevent 
permanent  impairment/damage 


3  Date  of 
event 


4  Date  of 
this  repoii 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


Mail  to:     MIdWaICH  or  FAX  to: 

5600  Fistiers  Lane  1-800-FDA-0178 

Rockville,  MD  20852-9787 


7    Other  relevant  history,  including  preexisting  medical  conditions  (e  g  ,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use.  hepatic/renal  dysfunction,  etc  ) 


of 


Triage  unit 
sequence  fl 


C.  Suspect  medication(s) 


1     Name  (give  labeled  strength  &  mir/labeler,  il  known) 
#1 


«2 


2    Dose,  frequency  &  route  used 

#1 

#2 


3    Therapy  dates  (if  unknown,  give  duration) 

ffon.  lo  ....  be^l  .ishmalel 
#1 

(*2 


4    Diagnosis  for  use  (indication) 
#1 


#2 


6    Lot  #  (if  known) 
#1 


#2 


7    Exp.  date  (it  known) 

#1 


9    NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  n™    Dgg^Py"'" 


#2nyesn"o    DggBPy"'' 


8    Event  reappeared  after 
reintroductJon 

#1  Dyes  Dno    Dg^pPy"'' 


#2  Dyes  n  no    Dgggfy"'' 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1     Brand  name 


Type  of  device 


3    H/lanufacturer  name  &  address 


6 

model  #  _ 

catalog  # 

serial  # 

lot#  


other  # 


4    Operator  of  device 

I     I  health  professional 
I     I  lay  user/patient 
O  other: 


5    Expiration  date 


7    If  implanted,  give  date 

(mo/day/yr) 


8    If  explanted.  give  date 


9    Device  available  tor  evaluation?                (Do  not  send  to  FDA) 
I     I    yes  [m  rio  O  returned  to  manufacturer  on 


1 0    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  back) 


1       Name  &  address 


phone  # 


2    Health  professional? 

□  yes       n    ho 


Occupation 


5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  '  X  "  in  this  box.      LH 


4    Also  reported  to 

I     I      manufaclurer 
I     I      user  facility 
I     I      distnbutor 


FDA  Form  3500  (6/93)  Submission  of  a  report  does  not  constitute  an  admission  ttiat  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutntional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenita!  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    to  report  by  phone  or  for 

more  information 

•  1  -800-822-7967     for  a  VAERS  form 

for  vaccines 

If  your  report  involves  a  serious  adverse 
event  with  a  device  and  it  occurred  m  a  facility  out- 
side a  doctor's  office,  that  facility  may  be  legally  required 
to  report  to  FDA  and/or  the  manufacturer.   Please  notify 
the  person  in  that  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  Including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.  However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  o(  information 
has  been  estimated  to  average  30  minutes  per  response 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviev^ing  the  collection  of  information 
Send  your  comments  regarding  this  burden  estimate  or  any 
other  aspect  of  this  collection  of  information,  including  sug- 
gestions for  reducing  this  burden  to: 


Reports  Clearance  Officer,  PHS 
Hubert  H   Humphrey  Building, 
Room  721 -B 

200  Independence  Avenue.  S  W 
Washington.  DC  20201 
ATTN   PRA 


and  to: 

Office  of  Management  and 

Budget 

Paperwork  Redjction  Project 

(0910-0291) 

Washington.  DC  20503 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U  S   DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Heaitl^  Service  •  Food  and  Drug  Adminislration 


FDA  Form 3500-back       Pleasc  Usc  Addrcss  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Sen/ice 

Food  and  Drug  Administration 

Rockvllle,  IV1D  20857 

Official  Business 

Penalty  for  Private  Use  $300 


NO  POSTAGE 

NECESSARY 

F  MAILED 

IN  THE 

UNITED  STATES 

OR  APO  FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


mel)JC^tch 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 


InMlliiilMliililiiililliliili.illnl.liiili.lill 


News  releases  about  new  products  and  services  will  be  considered  lor  publication  in  this  section.  There  is  no  charge  tor 
these  listings.  Send  descriptive  release  and  glossy  blaek  and  white  photographs  to  RtSPlRAIORY  Cark  Journal.  New 
Products  and  Services  Depl.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


New  Products 
&  Services 


Fit  Testing  Kit.  BioSafety  Systems 
announces  a  Saccharin  Fit  Test  Kit  by 
Racai. "  Tlie  company  claims  that  the  i<it 
contains  all  the  equipment  necessary  to 
conduct  a  qualitati\e  fit  test  on  tight-fit- 
ting respirators  sucii  as  the  N-95  ancJ  the 
HEPA.  The  kit  includes  a  fit-test  hood, 
fit-test  collar.  3  bottles  of  taste  thresh- 
old check  solution,  nebulizer  for  the  fit- 
test solution,  plastic  hook  and  wire  for 
cleaning  the  nebulizer,  instructions  and 
MSDS  for  Sodium  Saccharin.  Instruc- 
tions and  blank  fonns  ;ue  printed  in  En- 
glish and  Spanish.  A  durable  polyethy- 
lene canning  case  makes  transpoilalion 
and  storing  the  kit  easy.  For  a  free  res- 
piratory safety  catalog,  circle  reader  ser- 
vice card  number  180. 


Nasal  Spra^'.  GlaxoWellcome  offers 
FLONASE*  (fluticasone  propionate) 
nasal  spray,  for  the  relief  of  nasal  stuffi- 
ness, runny  nose,  and  sneezing  expe- 
rienced by  seasonal  nasal  allergy  suf- 
ferers. According  to  GlaxoWellcome, 
the  product,  an  aqueous,  once-a-day. 
prescription  nasal  spray,  works  by  re- 
ducing the  inflammation  of  the  nasal 
passages,  thereby  relieving  nasal  stuffi- 
ness. FLONASE  is  indicated  for  the 
treatment  of  both  seasonal  and  peren- 


nial allergic  rhinitis  in  patients  aged  12 
years  and  older.  For  a  product  infor- 
mation sheet  and  more  information 
about  indications  and  contraindications, 
circle  reader  service  card  number  181. 


Treadmill.  Biodex  Medical  announ- 
ces the  RTM.^  treadmill  for  cardiopul- 
monary rehabilitation.  According  to 
Biodex.  the  treadmill  features  4  preset, 
automatic  programs  that  allow  the  user 
to  customize  and  store  up  to  8  u.ser-de- 
fined  programs.  The  RTM.^  is  designed 
for  caidiac  and  pulmoniu")  rehabilitation 
and  allows  patients  to  walk.  jog.  or  run 
at  any  of  5  effort  levels.  The  treadmill 
includes  3  handrails  to  accommodate  pa- 
tients of  various  heights,  an  Exact- 
Track™  belt  system  that  maintains  the 
belt  in  the  center  of  the  bed  at  all  times, 
incline  and  decline  settings,  and  a  dig- 
ital control  panel  that  displays  time,  dis- 
tance, work  rate,  speed,  elevation,  heart 
rate,  and  target  heart  rate.  For  details, 
circle  reader  service  card  number  1 82. 


CATAL0(;.  Laerdal  Medical  Coipora- 
tion  offers  a  free  19%  catalog.  The  105- 
page  book  features  emergency  care 
products,  systems,  services,  and  train- 
ing and  technical  support.  To  receive  a 
catalog,  circle  reader  sei"vice  card  num- 
ber 18'5. 


Portable  Siiction  Unfi".  Annstrong 
Medical  Industries  Inc  offers  the  S- 
Scort*  DUET'"  AC  Suction  Unit  with 
battery  back-up.  According  to  Arm- 
strong, the  durable,  self-contained  unit 
provides  effective  suction  with  AC 
power  or  with  the  DUET  emergency 
power  supph.  The  DUET  features  a 
sealed  lead  batteiy  with  an  internal  dual- 
mode  charger  and  is  protected  against 
o\ercharge  and  deep  dischaige.  A  vari- 
able regulator  allows  adjustable  suction 
for  adult  and  pediatric  patients.  The  unit 
is  recommended  foremergency-cail.  in- 
trahospital-transport,  and  ambulance 
use.  For  more  information,  circle  the 
reader  service  card  number  1 83. 


Instant  Cold  Pack.  Florida  Medi- 
cal Industries  Inc  announces  the  Trans- 
Cool '  Blood  Sample  Trcmspoiler  Instant 
Cold  Pack.  The  TransCool"  is  a  single 
use.  disposable,  and  instant-cold  prod- 
uct used  to  ensure  short-term  preser- 
vation and  protection  of  blood  samples 
while  in  transit  to  a  laboratoi-y.  Accord- 
ing to  the  company,  the  pouch  holds  up 
to  2  blood  vials  ;uid  remains  cold  (below 
50°  F)  for  more  than  30  minutes.  To  re- 
quest more  information  from  Florida 
Medical,  circle  reader  senice  card  num- 
ber 1 84. 
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RE/PIRATORy  CARE 


Manuscript  Preparation  Guide 


General  Information 

Ri;,SPIRAT()R'i'  Cari-:  welcDines  original  manuscripts  relalud  lo 
respiralory  care  and  prepared  according  to  these  Instructions. 
Manuscripts  are  blinded  and  reviewed  by  professionals  who  are 
experts  in  their  fields.  Authors  are  responsible  for  all  aspects  of 
the  manuscript  and  receive  galleys  to  proofread  before  publica- 
tion. Each  accepted  manuscript  is  copyedited  so  that  its  message 
is  clear  and  it  conforms  to  the  Journars  style.  Published  papers 
are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  else- 
where without  permission. 


Update:  A  report  of  subsequent  de\  elopments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 

P()int-of-Vie«  Paper:  A  paper  expressing  personal  but  substan- 
tiated opinions  on  a  pertinent  topic.  Title  Page.  Text.  References, 
Tables,  and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  forego- 
ing categories  may  be  acceptable  as  a  Special  Article.  Consult 
with  the  Editor  before  writing  or  submitting  such  a  paper. 


Editorial  cimsultation  is  axailable  at  any  stage  o[  planiung  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  pubhcation 
categories.  These  Instructions  and  related  materials  are  available. 
Write  to  RESPIRATOR^'  CARE.  110.^0  .Abies  Lane.  Dallas  TX 
7.^229-4.'S9.^.  call  (214)  24.^-2272.  or  fax  (214)  4S4-6()I(). 


Piihlicatioii  Categories  «&  Striitture 

Research  Article:  A  report  of  an  original  in\estigation  (a  study). 
It  includes  a  Title  Page.  .Abstract.  Introduction.  Methods.  Results. 
Discussion.  Conclusions.  Product  Sources.  Acknowledgments, 
Refeivnces.  Tables,  .Appendices.  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or  mod- 
ification. It  has  a  Title  Page.  Abstract.  Introduction,  Descrip- 
tion of  De\  ice/Method/Technique.  Evaluation  Methods, 
Evaluation  Results.  Discussion.  Conclusions.  Product  Sources. 
Acknowledgments.  References.  Tables.  .Appendices.  Figures, 
and  Figure  Captions. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or 
uas  managed  in  a  new  way,  or  is  exceptionally  instructive.  .All 
authors  must  be  associated  with  the  ease.  A  case-inanaging 
physician  must  either  be  an  author  or  furnish  a  letter  approving 
the  manuscript.  Its  components  are  Title  Page,  Abstract.  Intro- 
duction. Case  Summary.  Discussion.  References.  Tables. 
Figmes,  and  Figure  Captions. 

Review  .Article:  A  comprehensive,  critical  review  of  the  litera- 
ture and  siate-of-lhe-art  summary  of  a  pertinent  topic  that  has 
been  the  subject  of  at  least  40  published  research  articles.  Title 
Page.  Outline.  Introduction.  Review  of  the  Literature.  Summary. 
Acknow  ledgments.  References.  Tables.  .Appendices,  and  Figures 
and  C.iplions  may  be  inclutled. 

()>er\ie\v:  .A  critical  review  of  a  pertinent  topic  that  has  fewer 
than  40  published  research  articles. 


Kditorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
may  present  an  opposing  opinion,  clarify  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  connnumcalion  about  piior  publications  in  this 
Journal  or  about  other  pertinent  topics.  Tables  and  illustrations 
may  be  included,  Mark  "For  publication," 

Blood  Gas  Corner:  ,A  brief,  instructive  case  report  involving 
blood-gas  values — with  Questions,  Answers,  and  Discussion, 

Drug  Capsule:  ,A  mini  ie\iew  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacoki- 
netics, and  pharmacotherapy. 

Kittredge's  Corner:  .A  brief  description  of  the  operation  of  res- 
piratory care  equipment — with  information  from  manufacturers 
and  editorial  comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  bui  iii\i)l\ing  piiliiionary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating 
the  interaction  between  the  cardiovascular  and  respiralory  .sys- 
tems. It  should  be  a  patient-care  scenario;  howe\  er.  the  case — the 
central  theme — is  the  systems  interaction.  CRl  is  characterized 
by  figures,  equations,  and  a  glossary  See  the  March  19%  issue 
of  Re.SPIRATOR'i'  Care  for  more  detail. 

Test  ^ Our  Radiologic  Skill:  Like  Blood  das  Corner,  but  involv- 
ing pulmonaiA  mcdicme  railiography  and  including  one  or  more 
radiographs,  may  imolve  imaging  techniques  other  than  conven- 
tional chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 


Manuscript  preparation  Guide 


Prepariiif;  the  Manuscript 

Print  on  one  side  of  white  bond  paper.  8.5  in.  x  1  1  in.  (216  x  279 
mm)  with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the 
page.  Use  double-spacing  throughtnit  the  entire  manuscript.  Use 
a  standard  font  (eg.  Times,  Helvetica,  or  Courier)  at  least  10 
points  in  size,  and  do  not  use  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  corners.  Indent  paragraphs  5 
spaces.  Do  not  justify.  Do  not  put  authors'  names  or  other  iden- 
tification anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page:  Title  Page.  Abstract.  Text,  Product-Sources  List, 
Acknow  ledgments.  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods.  Results. 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg.  Patients,  Equipment. 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  JournaPs  style  for  references.  Abbreviate  journal  names  as  in 
Index  Meclinis.  List  all  authors. 

Article  in  a  jomnal  carrying  pagination  throughout  volume: 

1 .  R.ai  JL.  Harvvood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
m92:.^7(  11 1:12.^-^-1 240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  I : 

2.  Buuch  D.  Establishing  a  national  database  lor  home  care.  AARC 
Times  I W 1 ;  1 5(  Mar):6 1 .62.64. 

Corporate  author  journal  article: 

3.  American  Association  for  Respiratoiv  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-dependent  patients  in  hospi- 
tals. Respir  Care  1 988:.V3(  1 1 ):  1 044- 1 046. 

Article  in  journal  supplement:  (Journals  differ  in  thetr  methods  ot 
numbering  and  identifying  supplements.  Supply  sufficient  infor- 
mation to  promote  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonaiy  fibrosis.  Chest 
1986:89(3.  Suppl):I39S-14.«. 

.^bsll•acl  in  journal:  (.Abstracts  citations  are  to  be  avoided.  Those 
more  than  .3  years  old  should  not  be  cited.) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990:35(11): 
1087-1088. 


Editorial  in  journal: 

6.  Enright  P.  Can  we  relax  during  spirometry.'  (editorial).  Am  Rev 
Respir  Dis  I993:148(2):274. 

Editorial  with  no  author  given: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  pulmonary 
disease  (editorial).  Lancet  1992:340(8S.33):1440-1441. 

Letter  in  journal: 

8.  Aelony  Y.  Ethnic  norms  tor  pulmonarv   lunction  tests  ilt-tter). 
Chest  1991:99(4i:l().sl. 

Paper  accepted  but  not  yet  published: 

9.  Hess  D.  New  therapies  tor  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DcRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary 
disease.  New  York:  Futiiia.  199(l:76-8.'i. 

Corporate  author  book: 

1 1 .  .J^merican  Medical  Association  Department  of  Dnigs.  AMA  drug 
evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group.  1977. 

Chapter  in  book  with  editor(s): 

1 2.  Pierce  AK.  Acute  respiratoi-y  failure.  In:  Giientcr  CA.  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia;  JB  Lippincott.  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  coluinn  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  sytnbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  niit  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  Use  the  same  typeface  as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  figures.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  them  consecutively  as  Fig.  I.  Fig.  2.  and 
so  forth  according  to  the  order  by  which  they  are  mentioned  in 
the  text.  Be  sure  all  figures  are  cited.  If  any  figure  was  previ- 
ously published,  include  copyright  holder's  written  permission 
to  reproduce.  Figures  for  publication  must  be  of  professional 
quality.  Data  for  the  original  graphs  should  be  available  to  the 
Editor  upon  icqucst.  If  color  is  essential,  consult  the  Editor  for 
more  information.  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  tiiust 
accompany  any  photograph  of  a  person.  Do  not  place  titles  and 
detailed  explanations  on  figures;  put  this  information  in  figure 
captions.  If  possible,  submit  radiographs  as  prints  and  full-size 
copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  he  listed  on  the  product-sources  page. 
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Commercial  Products.  In  iiaix-ntheses  in  the  text,  itlcnlify  iiny 
commercial  product  (incliidiiiu  model  number  il' applicable!  the 
first  time  it  is  mentioned,  jiiving  the  manufacturer's  name.  city. 
and  state  or  country.  If  four  or  more  products  are  mentioned,  do 
not  list  any  manufacturers  in  the  text;  instead,  list  them  on  a 
Product  SoiMccs  page  at  the  end  of  the  text,  before  the  Refer- 
ences. Provide  model  numbers  when  available  and  nianulaclm- 
er"s  suggested  price,  if  the  study  has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical 
standards  of  the  institution's  committee  on  human  experimenta- 
tion. .State  that  informed  consent  v-as  obtained.  Do  not  use 
patient's  names,  mitials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that  the 
institution's  policy,  a  national  guideline,  or  a  law  on  the  care  and 
use  oi  laboralorv  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  anah/ing  the  data, 
and  give  the  prospectively  determined  level  ol  signilicance  in  the 
Methods  section.  Report  acttial  p-values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests. 
Identify  any  general-use  or  commercial  computer  programs  used, 
naming  manufacturers  and  their  locations.  These  should  be  listed 
on  the  product-sources  page. 

Units  of  Measurement.  Iixpress  measurements  ol'  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated; 
temperatures  in  degrees  Celsius;  and  blood  pressures  in  millime- 
ters of  mercury  (mm  Hg).  Report  hematologic  and  clinical-chem- 
istry measurements  in  conventional  metric  and  in  SI  (Systeme 
Internationale)  units  Show  gas  pressures  (including  blood  gas 
tensions)  in  torr.  List  SI  e(.|uivalent  values,  when  possible,  in 
brackets  following  non-SI  values — for  example.  '"PF.F.P.  10  cm 
H2O  jO.ySI  kPa|."'  For  conversion  to  SI.  see  RESPIRATORY  Cari 
l98S;.'^-^(l()):S6l-S73(()ct  l')88)and  IQSg;.^^):^.^  (Feb  I9S9). 

Conllict  of  Interest.  .'Nuthors  are  asked  to  disclose  any  liaison  or 
financial  arrangement  they  have  with  a  manufacturer  or  distribu- 
tor whose  product  is  part  of  the  submilted  manuscnpl  or  \\  ith  the 
manufacturer  or  distribulor  o\'  a  competing  product.  (Such 
arrangements  do  not  tlisquahly  a  paper  from  consideration  and 
are  not  disclosed  to  reviewers.)  A  siatenient  to  this  eltect  is 
included  on  the  cover-letter  page. 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and 
symbols.  AnokI  creating  new  abbreviations.  Avoid  all  abbrevia- 
tions in  the  title  and  unusual  ahbiev  lations  in  the  abstract.  Use  an 
abbreviation  only  if  the  term  occurs  several  times  in  the  paper. 
Write  out  the  full  term  the  first  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbrev  iation 
alone.  Never  use  an  abbreviation  without  defining  it.  Staiulard 
units  of  measurement  can  be  abbreviated  without  explanation 
(eg.  10  l./min.  l.s  torr.  23  kPal. 

Please  use  the  following  forms:  cm  H:0  (not  cmH20).  f  (not 
bpm).  L  (not  I).  L/min  (not  I.PM.  l/min.  or  Ipm).  ml.  liiot  mil. 
mm  Ilgdiot  miiiHg).  plT  (not  Phor  PH).  p>  0.001  (not  p>O.OOI  1. 
s  (not  sec).  Spi).  (pulse-oximetrv  saturation). 


Submitting  the  Manuscript 

Mail  three  copies  of  the  manuscript,  figures,  diskette,  and  the 
Cover  Letter  &  Checklist  to  Rkspiratory  CarE.  1 10.^0  Abies 
Lane.  Dallas  TX  7.S229-459.3.  Do  not  fax  manuscripts.  Protect 
figures  with  cardboard.  Keep  a  copy  of  the  manuscript  and  fig- 
ures. Receipt  of  your  manuscript  will  be  acknowledged. 

Computer  Diskettes.  A  manuscript  may  be  submitted  on  a 
Macintosh  or  IBM-DOS  diskette.  Macintosh  documents  on  ?i.5 
in.  diskettes  written  in  Microsoft  Word  versions  4.0  and  .'i.O  are 
preferred.  However,  we  can  convert  most  documents  (including 
PC-DOS  loniiat)  to  our  format.  Label  each  diskette  with  date; 
author's  name;  name  of  word-processing  program  and  version 
used  to  prepare  documents;  and  lilename(s).  Do  not  write  on  a 
diskette  except  with  a  felt-tipped  pen.  Tables  and  figures  must 
be  in  their  ow  n  separate  files,  with  software  identified.  Supply  3 
hard  copies  of  the  manuscript  with  the  diskette. 

Prior  and  Duplicate  Publication.  Work  that  has  been  pub- 
lished or  accepted  elsewhere  should  not  be  submitted.  In  spe- 
cial instances,  the  Editor  may  consider  such  material,  provid- 
ed that  permission  to  publish  is  given  by  the  author  and  orig- 
inal publisher.  Please  consult  the  Editor  before  submitting 
such  work. 

Authorship.  ,-\ll  persons  listed  as  authors  should  liave  partici- 
pated in  the  reported  work  and  in  the  shaping  of  the  manuscript; 
all  must  have  proofread  the  submitted  manuscript;  and  all  should 
be  able  to  publicly  discuss  and  tiefend  the  paper's  content.  A 
paper  with  corporate  authorship  must  specify  the  key  persons 
responsible  for  the  article.  .Authorship  is  not  justified  solely  on 
the  basis  of  solicitation  of  funding,  collection  or  analysis  of  data, 
pro\  ision  of  advice,  or  similar  services.  Persons  who  provide 
such  ancillary  services  exclusively  may  be  recognized  in  an 
.Acknow  ledgmenls  section. 

Permissions.  The  mamiscripl  must  he  .icconipanied  by  copies  of 
permissions  to  reproduce  previously  published  material  (figures 
or  tables);  to  use  illustrations  oL  or  report  sensitive  personal 
information  about,  identifiable  persons;  and  to  name  persons  in 
the  .Acknowledgments  section. 

Roiewers.  Please  suppiv  the  names,  credentials,  affiliations, 
addresses,  and  phone/lax  numbers  of  three  professionals  whom 
V  iiu  consider  expert  on  the  topic  of  your  paper.  Your  manuscript 
mav  be  sent  to  one  or  more  of  them  for  blind  peer  review . 
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Not-for-profit  organizations  arc  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
RhSPIRATORY  CaRF,  Ads  for  other  meetings  are  priced  at  S5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  \iiu  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events.  RESPIRATORY  CARE. 
1  HBO  Abies  Lane.  Dallas  TX  75:29-4.'i9.1. 


AARC  &  AFFILIATES 

April  10-12 — Louisiana  Society 

26th  Annual  Educational  Meeting,  "'Res- 

piraloiy  Gumbo,"  at  the  Crown  Stcrhng 

Suites.  Baton  Rouge.  Louisiana. 

Exhibits,  crawfish  boil,  and  Pelican  Bowl 

competition. 

CRCE:  Credit  requested. 

Contact:  Jim  Lanoha  at  (.S()4)  .^81-6342. 

.Vpril  1 1-12 — Piiu'vwood's  Chapter  of 
the  Texas  Society 

8th  Annual  Seminar.  Lufkiii.  Texas. 
Contact:  Sheila  Sanchez  at  (4(W) 
639-7006. 

April  17-18— Utah  Society 

Annual  convention  at  the  L'tah  State  Fair 

Park  in  the  Grand  Building,  Salt  Lake 

City.  Utah,  Dr  Forrest  Bird,  keynote 

speaker. 

Contact:  Weber  Stale  University's  Re.spi- 

ratory  Care  Department  at  (SOI) 

626-707 1 . 

April  17-19— Alabama  Society 

Annual  Resptratory  Care  Conference, 
"1996  Educational  Olympics,"  at  the 
Radisson  Hotel,  Birmingham,  Alabama. 
AARC  President  Charlie  Brooks, 
keynote  speaker.  ASRC  Sputum  Bow  1. 
Respiratory  Olympics,  and  exhibits. 
CRCE:  Credit  requested. 
Contact:  Karla  Gray  at  (.\34)  705-3790. 

April  17-19 — Kansas  Society 

19th  Annual  Education  Seminar.  "Some- 
where Over  the  Rainbow  Is  Clinical 
Care,"  at  the  Lawrence  Holidome. 
Lawrence,  Kansas. 
CRCE:  Credit  requested. 
Contact:  Pat  Mun/.er  at  (913)  231-1010, 
ext.  1284. 

April  18-19 — California  Society 

"Bright  Horizons  in  Respiratory  Care. 
Chapter  2  "  at  the  Hyatt  Regency  Suites, 
Palm  Springs,  California. 
CRCE:  Credit  requested. 
Contact:  Tom  Taylor  at  phone/fax 
number  (909)  777-3214. 

.\pril  24-25 — Connecticut  Society 

"Super  Symposium"  at  the  Hour  Points 
Sheraton,  W  aterburv.  Connecticut. 


Contact:  Kevin  Kenny  at  (203)  545- 
3212:  Kathy  Glenn-Nadal  at  (800j  882- 
0001,  ext  42. 

.\pril  24-26 — North  Dakota  Society 

Annual  education  symposium.  Bismarck, 

North  Dakota.  Keynote  speaker:  Patrick 

Reynolds. 

CRCE:  Credit  requested. 

Contact:  Beth  Hughes  or  Mike  Runge  at 

(701)224-7870. 

April  25-26 — Arkansas  Society 

Diamond  Conference.  Arkansas  Chil- 
dren's Hospital.  Little  Rock,  Arkansas. 
Contact:  Mike  Anders  or  Kathy  Boyle, 
Respiratory  Care  Services,  Arkansas 
Children's  Hospital,  Slot  303,  800 
Marshall  St,  Little  Rock  AR  72202,  (501 1 
320-3535,  fax  (501 )  320-341 1. 

April  3(1-May  3 — Michigan  Society 

Annual  meeting.  "Crossroads  of 

Opportunity,"  at  the  Hyatt  Regency, 

Dearborn.  Michigan.  Basic  Life  Support 

Instructor  course. 

Contact:  MSRC  office  at  (517) 

336-7605. 

.\pril  3()-May  3 — Kentucky,  Ohio,  & 
Indiana  Societies 

1996  "Region  II  for  Respiratory  Care" 
Annual  Meeting.  "The  Big  Picture."  at 
the  Albert  B  Sabin  Convention  Center  in 
the  Hyatt  Regency  Cincinnati.  Ohio. 
Contact:  Rhonda  Windhorst. 
Chairperson.  Health  Care  Partners.  10500 
Bluegrass  Pkwy.  Louisville  KY  40299, 
or  call  and  leave  a  message  at  (800)  69 1  - 
3046,  mailbox  4. 

May  1-3 — Missouri  Society 

25lh  .Annual  Meeting.  "Follow  the 

Yellow  Brick  Road. "  at  the  TanTara 

Resort.  Osage  Beach.  Missouri.  Sputum 

Bowl  preliminaries. 

Contact:  Donna  V\'emhofTat  (314) 

882-6491. 

May  1-3 — Montana  Society 

22nd  Annual  Con\ciilion  .ii  the  Holiday 

Inn,  Bozeman,  Montana.  Speaker:  Jill 

Eicher,  AARC  director  of  state 

government  affairs. 

Contact:  Dave  Bunkers  at  (406) 

657-4075. 


May  1-3 — .South  Dakota  Society 

Annual  meeting  at  the  How  aid  Johnson, 
Sioux  Falls,  South  Dakota.  Dr  Forrest 
Bird,  keynote  speaker. 
CRCE:  Credit  requested. 
Contact:  Mary  Reinesch  at  (605) 
333-6477. 

May  7-9 — Nebraska  Society 

■Annual  Great  Plains  Conference  for  Res- 
piratory Care  at  the  New  Tower  Inn, 
Omaha,  Nebraska.  AARC  President- 
Elect  Kerry  George,  keynote  speaker. 
Contact:  Sue  Waggoner  at  (402) 
559-9503. 

May  15-17 — Southwest  Region  of  the 
Texas  Society 

"25  Years  of  Excellence"  Seminar  at  the 
El  Paso  Airport  Hilton.  El  Paso,  Texas. 
CRCE:  Credit  requested. 
Contact:  Maria  Soto,  Mobile 
Diagnostics,  at  (915)  593-3519. 

May  18-21 — Washington  Society 

23rd  Annual  Pacific  Northwest  Regional 
Respiratory  Care  Conference  at 
Ca\anaugh's  Inn  at  the  Park.  Spokane, 
Washington. 

Contact:  Bob  Bonner,  Chair  of  the 
Health.  Education  and  PE  Division, 
Highline  Community  College,  PO  Box 
98000,  Des  Monies  WA  98198,  (206) 
878-3710,  e,xt  3469. 

May  21 — AARC  Video  Conference 

"Managing  Demand  for  Respiratory  Care 
Services."  Part  3  of  the  1996.  7-part 
video  conference,  "Professor's  Rounds  in 
Respiratory  Care"  from  12:30  to  2  PM 
Eastern  Time.  Live  telephone  question- 
and-answer  session  airs  June  10. 
CRCE:  I  credit  hour. 
Contact:  AARC  at  (214)  243-2272. 

May  21-23 — .Arizona  Society 

Annual  Education  Seminar  at  the 
Phoenix  Civic  Plaza  in  Phoenix.  Arizona. 
Contact:  ASRC,  3900  E  Camelback  Rd, 
Suite  200,  Phoenix  AZ  85018,  (602) 
912-5300. 

.May  2-1 — \  ermont/New  Hampshire 
Society 

"CE  (continuing  education)  Cruise... IV" 
aboard  the  Motor  Vessel  Mount  Wash- 
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ington.  Weirs  Beach,  New  Hampshire. 

CRCE:  Credit  requested. 

Contact:  Bill  Hay  at  (6031  267-7406. 

May  24 — Alamo  District  of  the  Texas 
Society 

1st  Annual  Ri\crwalk  Respiratory  Sym- 
posium at  the  Marriott  Ri\erwalk.  San 
Antonio,  Te.xas.  Sponsored  by:  Universi- 
ty of  Texas  Health  Science  Center  at  San 
Antonio.  TSRC  (Alamo  District).  &  Wil- 
ford  Hall  Medical  Center. 
CRCE:  Credit  requested. 
Contact:  University  of  Texas  Health  Sci- 
ence Center  at  San  Antonio,  Department 
of  Respiratory  Care.  770.3  Floyd  Curl 
Dr.  San  Antonio  TX  78284-7784,  (210) 
567-3706. 

June  10-14 — Florida  Society 

1996  Sunshine  Seminar  at  the  Fountain 
Blue  Hilton  Resort  &  Towers.  Miami 
Beach,  Florida. 

Contact:  Deborah  Herrick  at  (305)  587- 
5010:  fax  (305)  583-2927. 

.June  19-21 — Oklahoma  Society 

31st  Annual  Seminar,  Oklahoma  City. 

Oklahoma. 

Contact:  Gennie  Ridlen  at  (405)  680-2154. 

July  9 — .4ARC  Video  Conference 

"Capturing  Respiratory  Services  Outside 


the  Hospital  Part  1:  Home  Care,"  Part  4 
of  the  1996,  7-part  "Professor's  Rounds 
in  Respiratory  Care."  from  12:30  to  2  PM 
Eastern  Time.  Li\e  telephone  question- 
and-answer  session  on  .luly  29. 
CRCE:  1  credit  hour 
Contact:  A  ARC  at  (2  14i  243-2272. 

July  17-19 — Texas  Society 

Annual  con\  ention,  "Upgrade  Your 
Memory."  at  the  Wyndham  Anatole 
Hotel,  Dallas.  Texas. 
CRCE:  Credit  requested. 
Contact:  TSRC  at  (214)  680-2454. 


OTHER  MEETINGS 

.April  25-26 — California  Society  for 
Pulmonary  Rehabilitation 

7th  Annual  Conference.  "Ciiiising  the 
Changing  Currents:  Facing  New 
Challenges  in  Pulmonary 
Rehabilitation."  at  the  Sutton  Place 
Hotel.  Newport  Beach,  California, 
Contact:  Jmi  Barnelt  at  (714)  365-2106; 
Ray  Alfonso  at  (714)  456-5218. 

May  9-10 — American  Eung 
Association  of  Nevada 

1  1th  Annual  Respiratory  Health  Confer- 
ence at  the  Tropicana  Resort  &  Casino, 
Las  Vegas,  Nevada. 


Contact:  American  Lung  Association  of 
Nevada  at  (702)  43 1-6333, 

May  10 — Southwest  Texas  State 
University 

2nd  Annual  Respiratory  Care  Sympo- 
sium, "Managing  New  Frontiers  in 
Respiratory  Care."  via  interactive  televi- 
sion from  San  Marcos  to  Laredo,  Texas. 
CRCE:  Credit  requested. 
Contact:  Lynda  Haikins  at  (512) 
245-8243, 

May  10-15 — American  Thoracic  Soci- 
ety/American Eung  .Association 

1996  International  Conference  at  the 
New  Orleans  Convention  Center,  New 
Orleans,  Louisiana. 

Contact:  ATS/ALA  International  Confer- 
ence. 1740  Broadway,  New  York  NY 
10019-4374.  (212)  31S-S700, 

Novemher  10-14 — Asia  Pacific  .Associ- 
ation for  Respiratory  Care 

5th  Congress  of  APARC  at  the  Bangkok 
Convention  Centre  and  Central  Pla/a 
Hotel.  Bangkok.  Thailand,  Abstracts 
must  be  submitted  by  Inly  31 
Contact:  Congress  Secretariat.  5th 
Congress  of  APARC.  Congress  & 
Convention  Experts  (Thailand)  Co  Ltd. 
PO  Box  10-163.  Ladphrao.  Bangkapi. 
Bangkok  10310.  THAILAND. 


Understand. 

Adapt. 

Prosper! 


42"''  International  Convention  &  Exhibition 
November  3-6  •  San  Diego,  California 
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NAEP  Adult 

Emergency 

Guidelines:^ 

PEFR  40-70% 
of  predicted 
vafue  after 
4  hrs  tx  in  ER. 
Consider 
hospitalization. 


<  40% 

Definitely 

hospitalize. 


<  25% 
Admit  to  ICU. 


Don't 
guess. 

Assess. 


Rapid  initiation  and  close  monitoring  of  therapy  are  vital  to 
successful  ER  management  of  severe  asthma.'  That's  why 
the  ASSESS"  Peak  Flow  Meter  should  be  a  vital  part  of 
yom-  amiamentai-ium.  ASSESS  lets  you  — 

Measure  airway  obstruction  easily, 
accurately,  cost-effectively. 

Peak  expir-atory  flow  rate  (PEFR)  provides  an  objective, 
clinically  relevant  measurement  of  airflow  —  at  a  fraction 
of  the  cost,  bulk,  and  inconvenience  of  conventional 
spirometi-y.-  And  when  seconds  count,  you  can  count  on 
ASSESS  to  deliver  those  measurements  with  superior 
accuracy  and  reproducibility.*^" 

Evaluate  response  to  therapy  and 
need  for  hospitalization. 

How  is  yoiu-  patient  doing?  What  should  ymi  be  doing? 
From  initial  presentation  through  discharge,  the  rugged, 
compact  ASSESS  gives  you  the  hard  data  you  need  —  as 
often  as  you  need  it — to  help  you  make  informed  treatment 
decisions  in  line  with  NAEP  recommendations.^ 

Help  prevent  future  acute  exacerbations. 

Patients  don't  come  back  when  their  maintenance  therapy 
stays  on  track.  Keep  it  on  track  vrith  ASSESS  —  and  a 
regular  program  of  PEFR  monitoring  at  home,  work,  or 
school  —  as  a  routine  pail  of  your  discharge  orders. 

For  more  information  about  how  ASSESS  can  help 
you  deliver  better  asthma  care,  call  HealfhScan 
'  Products  at  1-800-962-1266. 
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STANDARD  RANGE 

60  to  880  L/min 


LOW  RANGE 

30to390L/n,ir 


Setting  the  standard 
for  peak  flow  monitor' ■ 


VOLDYNE 


Volumetric  Incentive  Deep-Breathing  Exerciser 

The  accuracy  of  Voldyne,  in  a  new  size,  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


Voldyne  2500  ... 


■  A  smaller,  lighter  flow  cup  reduces  the  work  of  breathing,  thus 
improving  patient  performance  and  progress 

■  Every  unit  is  individually  tested  and  calibrated  for  performance, 
reliability  and  superior  accuracy  of  inhaled  lung  volume. 

■  Volume  incentive  spirometry  improves  assessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 
that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  further  informatiorj.  contact  your  Sherwood  OR  ICritical  Care 
Repreienlativeorcall  7Tc  7^?-. 

l-oOU-3z5-747J    (outside  Missouri) 


1-800-392-7318 


(in  Missouri) 
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